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Inerodue tron: 


The Boliden Mine is situated in the 8. E. portion of the recently devel- 
oped Skellefte Mining District in the province of Vasterbotten in North 
Sweden. An outline of the history of the discovery and development of 
the deposit has recently been published by Dr A. HécBom in his paper 
on the geology of the Skellefte District.2_ In the paper he also describes 
the general geology of the deposit and the surrounding area. A more 

1 The paper is chiefly an excerpt from a lecture given at the meeting of the Swedish 
Mineralogical Society at Stockholm on November 2nd, 1937. 


2 Héqasom, A., Skelleftefaltet, Geolog. Survey of Sweden, Ser. C, No. 389, 1937 (with 
English summary). 
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Voleonies Altered Phyllites re Electrica/ Foult 
Zone Indreatrons 


Fig. 1. Position of the Boliden deposit in the drag fold. The arrows indicate the mair 
direction of shear. ; 


detailed description of the ores and their wall rocks has, however, hereto- 
fore not been published. In the present paper the author intends to 
give a short account of some of the more outstanding features of the 
deposit. 

The rocks in the area surrounding the deposit belong to the oldest 
pre-Cambrian volcanic formation and are composed of lavas of mainly 
acid and intermediate composition with intercalated agglomerates and 
tuffs. The pyroclastics seem to appear particularly in the mineralised 
zone. Immediately south of the deposit a younger series of black 
graphitic or gray phyllites follows conformably on top of the volcanics. 

The general direction of strike is E.-W. In the western part of the 
deposit it turns somewhat to the W. 8. W. On the upper levels the dip 
is 70—80° to the south. On the deeper levels, between 170 and 210 m 
level, on the other hand, the schistosity stands vertical and then turns 
to a northerly dip of about 70—80°. The wall rocks have in places a 
rather marked linear structure, pitching 50—60° to the east. 

The structure of the rocks surrounding the deposit is of special inter- 


est, as it evidently played an important role in the deposition of th 


ore. Fig. 1 shows the position of the ore bodies in an anticlinal fold in 
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the lavas and phyllites (the figure has been published by A. Hécapom 
in the above paper as Fig. 32; minor details were added by the present 
author). This structural feature could not be followed in the field, be- 
cause of lack of exposures, but has been compiled from electrical indica- 
tions in the graphitic, electrically conducting phyllites, drill holes and 
observations underground. The structure is considered to be a drag 
fold, caused by a shearing in E.-W. Judging by the irregular indications 
in the eastern part of the anticline, the drag fold is not uniform but 
rather distorted and sheared, and small overthrusts seem to have taken 
place in the plastic phyllites. In the more brittle volcanics the shearing 
resulted in a strong fissure zone, where the ascending solutions found an 
easy channelway. Particularly the pyroclastics seem to have formed a 
suitable medium for the development of this zone of fissuring. 

The direction of shear obviously changed during the long period of 
ore deposition as indicated by the different positions of the ore bodies 
in the drag fold and by the direction of certain gash veins on the 
deeper levels. 


Veeliohoc kis amd siierr Alteration. 


The deposit is surrounded by zones of metamorphosed, chiefly seri- 
eitised, and strongly sheared volcanic rocks. The extension of the zone 
of sericitisation is shown in Fig. 1. Outside the sericitic zone the less 
altered volcanics follow. 

Underground in the mine the latter are more seldom encountered, 
but occasionally quartz-porphyries and keratophyres have been met 
with. The keratophyre is the most common rock. It is a rather fine- 
orained to dense, light gray-coloured rock with small phenocrysts of 
a clear, albitic plagioclase. The fine-grained groundmass is recrystal- 
lized. Furthermore, bedded, quite unaltered tuffs occur in the eastern 
portion of the mine. 

Among the sericitic rocks, forming the immediate wall rocks of the 
ore bodies, several types have been distinguished, and the detailed 
underground mapping in scale 1: 200 allows the different types to be 
followed with great accuracy. Their distribution on the surface is shown 
m Fig. 2. 

The most common type is a quartzose sericite-schist, yellowish gray 
in colour and with a rather well developed schistosity. Quartz Is 
the most prominent constituent, sometimes amounting to 75 % of weight 
of the rock. Richest in quartz is a distinctly quartz-porphyritic sericite- 
schist. The sericite comes next in importance among the constit- 
uents, occurring in thin, scaly bands along which the rock easily splits 
up in sometimes large slabs. C hlorite is in one type a characteris- 
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tic mineral, giving the rock a greenish colour. Other constituents 
more accessory nature are andalusite in sometimes large crystals 
apatite and rutile in small grains andtourmaline whic 
locally occurs in fine-grained, grayish green masses. In the pyritic ser 
icite-schist, pyrite occurs abundantly in thin streaks. This roe 
often forms a transition zone to the unaltered volcanic rocks outsid 
the sericite zone. 

Primary feldspars are never met with in the true sericitic schists am 
have evidently been completely altered. Only in the pyritic serici 
schist, towards the margins of the alteration zone, indistinct remnan 
of a rather basic plagioclase are seen. The basic plagioclase 1 
here and particularly in the immediately adjoining volcanics a typie 
mineral, in spite of the acid nature of the fresh rock. It seems probabl 
that the abnormally high An-content is due to the action of calcie¢ solu- 
tions, originating from calcic minerals in the volcanics of the alteratio 
zone during the sericitisation. 

The most intense sericitisation is shown by a sericite-rock 
composed of very fine-grained sericite with only a small amoun 
of apatite and rutile. Quartz is completely lacking. Th 
rock has a pale greenish gray colour and a well developed cleavage. I 
particularly occupies large areas along the lower portions of the arseno- 
pyrite lenses. It contains larger or smaller lenses of a rock of unusual 
composition and also some interesting mineral associations. 

The sericite-rock thus carries lenses of an andalusite-roe k, 
composed of andalusite, sericite as groundmass and occa- 
sionally quartz. The latter is, however, not typical and is present 
only in some cases. The andalusite is often strongly sericitised, 
the mineral being attacked along edges and cracks. Coarse sericite 
also forms »schlieren» in the andalusite-rock. | 

A kaolinitic mineral is occasionally found as a more 
unusual decomposition product of the andalusite. Sometimes also 
corundum, rutile, tourmaline and a bismuth- 
telluride are met with. In small amounts there is also seen a 
mineral which in the microscope has been identified as dias pore. 

In the typical andalusite-rock the andalusite occurs as hypidio- 
morphic to idiomorphic, colourless grains, up to 0.5—1.0 cm long. 
When fresh the rock has a gray colour which in a more advanced stage 
of sericitisation changes to yellowish gray. The corundum is found 
in conjunction with the sericitisation and occurs as small, generally 
shapeless grains in the andalusite or as pseudomorphs after this mineral. 

The formation of the sericitic and andalusitic rocks is the result of 
considerable chemical activity, caused by rising hydrothermal solutions 
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Fig. 2. Surface plan of the Boliden deposit 
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which entered the rocks along the-fissures in the drag fold. A discus- 
sion of the changes the rocks have gone through is rendered difficult 
by the incomplete knowledge we have of their primary composition ané 
the composition of the solutions. As quartz-porphyries and kerato 
phyres with pyroclastic rocks of corresponding composition are the most 
common rocks all around the deposit, we may postulate, with a certain 
degree of probability, that such rocks formed the original material for 
the alteration. 

Analyses of a keratophyre and some of the characteristic, altered 
rocks, shown in Table I below, give a conception of the alteration 
Any further consideration of the questions here involved will, however. 
not be given on this occasion. 


Table I. 
Chemical Composition of Fresh and Altered Wall Rocks. 


GORE eo wciowae Ries 2.95 0.59 0.03 0.48 
INORG sae ae 0.07 nil nil | nil 
CHOON Seder acs eu ee ee ears 4,22 0.25 0.65 0.40 
WNP OT IS hh bc an te a a 1.17 nil 0.04 nil 

AO) aS; Cem CRN TRH i ZAI 2.64 8.71 0.38 
MeN arOrree de Ss, Boas 4.10 1.33 2.04 0.39 
TOV eae eee PMS a on 0.12 0.09 0.05 0.08 
EO ee ce. 0.56 1.60 4.00 0.53 
| Lehane tc Ree ani eee nil 0.03 0.13 nil 
iS oss eR Me rer cor, ae O:3007 4 0.01 0.03 0.03 
TEA @ Bite sane ee in Wee ee 0.12 | 0.16 0.20 0.31 
AGRON RS ge icy Cece ate ae, - nil | 0.01 0.01 nil 
COssiaae eh aera ee Lia a nil 0.05 — 
(OR owt a ina tPA Be 8s 0:10 74} a = ——— 
99.72 | 99.89 | 100.46 100.21 
See ee 2,636 | 2,642 | 2,792 2,687 


Analyst: Miss Tu. BERGGREN. 


I. Keratophyre, 250 m level, S. of the ore bodies. 
Il. Sericite-schist, 210 m level, main E. drift. 
III. Sericite-rock, 250 m level, main E. drift. 
IV. Andalusite-rock' (with quartz), 410 m level, main E. drift. 


It seems quite certain that the alteration did not take place as a 
single, continuous process. The same is valid for the deposition of the 
ores, as will be discussed later. The alteration began with the forma- 
tion of sericitic, chloritic and pyritic schists. It seems probable that 


1 The quartz-free andalusite-rock contains 50—55 % Al,Q, and more K,O. 
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during this first stage of alteration, also the almost monomineralic 
sericite- and andalusite-rocks were formed, being the result of the most 
intense action of the hydrothermal solutions. The sericitisation of the 
andalusite-rock and the formation of corundum in conjunction there- 
with belong to a second stage of the alteration, definitely separated 
from the first one. 

The solutions must have been very active and well restricted to the 
rather narrow fissure-zone which acted as a channelway. This defined 
localization of the solutions with the ensuing intensified action was a 
contributive cause to the formation of the extreme sericite- and andalu- 
site-rocks. 

Finally mention should be made of the secondary plagioclase, 
often occurring in the sericite-schist in a narrow zone a few meters wide 
along the contacts to the ore or in somewhat larger areas around the 
ends of the ore bodies. It is found in conjunction with both the oldest 
and latest stage of ore deposition, and it is impossible to say at present 
during which stage it was formed. The plagioclase which has a varying 
but rather basic composition (30—80 °% An) forms either compact 
masses, sometimes with quartz and sulphides, or rounded aggregates 
built up by roughly radiating individuals. In the microscope they show 
very irregular structure and the twinning is exceptionally imperfect. 


Ome B'0'd1 és. 


The deposit is divided chiefly in two ore lenses, the West and the Kast 
ore body. The latter lies en échelon with and somewhat to the south 
of the West ore body (Fig. 2). Both ore bodies are lenticular with on the 
whole smooth outlines in plan, possessing exceptionally sharp contacts 
with the wall rocks. Minor irregularities occur, some of which will be 
described below. 

As shown in Fig. 2 the two ore bodies consist mainly of massive pyrite 
in which smaller or larger lenses of massive arsenopyrite are enclosed. 
On deeper levels arsenopyrite ore is found also as separate bodies in the 
schists. The arsenopyrite bodies show the well developed pitch of the 
wall rocks, 7. e. 50—60° to the east. In the bodies of pyrite ore, however, 
the pitch is more undecided and in a longitudinal section the outlines 
of the ore bodies are somewhat irregular. 

__ A post-ore fault cuts the ore bodies, bringing them up in contact 

with each other along the fault plane (Fig. 2). The throw amounts to 
about 15 meters on the upper levels but is somewhat smaller on the 
deeper levels. 


1 All optical determinations carried out on the universal stage. 
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Stages of Ore Deposition. 


The ore has a rather complex composition and the detailed study o 
the underground geology indicates that its formation did not take place 
in a single, continuous process. It was found that three types of ore 
could be distinguished, different with regard to geological appearance 
and mineralogical composition, and that the three types were formed 
during three equivalent stages. These three types (or stages) are: 
1) arsenopyrite ore, 2) lamprophyre with quartz-tourmaline veins and 
3) pyrite ore. The investigation carried out so far also gives good 
evidence of this order being the order of deposition, so that the forma- 
tion of the deposit began with the arsenopyrite ore, followed later by 
the lamprophyre with its accompanying quartz-tourmaline veins and 
finally ended with the formation of the pyrite ore. 


The Arsenopyrite Ore. 
Wall Rock Contacts. 


The contacts between the arsenopyrite ore and the sericitic wall 
rocks are generally very sharp, the sericite-schist sometimes being quite 
devoid of any sulphide disseminations. Remnants of wall rocks in 
the ore are extremely rare. The schistosity of the sericite- | 
schist smoothly follows the outlines of the ore body. In many places, 
especially towards the ends of the ore bodies, the boundaries are 
not so well defined and the sericitic rock contains disseminated 
sulphide and small lenses of arsenopyrite ore. 


Composition and Structure. 


The composition of the arsenopyrite ore varies considerably and sey- 
eral ore and gangue minerals form part thereof. The main compo- 
nent is arsenopyrite, and some types are almost entirely composed 
of this mineral. The ore is always very fine-grained, the most fine- 
grained one also being richest in arsenopyrite. This type is quite 
dense and has the appearance of steel. The size of grain varies from 
< 4 to about 0.4 mm and is in the ordinary ore on an average 0.01— 
0.04 mm. The colour of the ore is medium to whitish gray. 

The minerals occurring in the arsenopyrite ore are enumerated in 
Table II on p. 130, the sequence indicating in rough outlines the order 
of abundance of the minerals. It appears from this list that the com- 
mon sulphides, next to arsenopyrite, are most abundant, being pres- 
ent practically everywhere in the ordinary ore. Boulangerite, 
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jamesonite, bournonite and galena are in places abundant 
but are generally more unusual, though they are almost everywhere 
present in microscopic quantities. On the whole the deposit is 
exceptionally rich in lead-antimony minerals. 

Among the gangue minerals quartz, rutile and apatite are 
everywhere present, the two last-mentioned sometimes in large 
masses. The other gangue minerals are more of an accessory nature. 

The arsenopyrite ore is without exception a breccia in which the 
enumerated minerals occur as the brecciating medium. The ore is 


Leica-Photo BGAB. 


Fig. 3. Breccia with angular inclusions of arsenopyrite ore (light gray) in quartz 
(dark gray). Polished surface, */, of natural size. 


full of veinlets of these minerals and the veinlets can be followed as 
an irregular network throughout the massive arsenopyrite. Some- 
times the brecciating minerals predominate and the arsenopyrite ore 
occurs only as scattered inclusions. Very often one also finds sharp 
and well defined fissures, filled with the enumerated minerals; these 
fissures are especially abundant in the fine-grained and dense types. 
The inclusions of arsenopyrite ore are rounded and corroded by the 
other minerals but are just as often quite angular with sharply de- 
fined edges. Some types of arsenopyrite breccia are presented in Fig. 3 
and Plate I: 1—2. 
The filling of the veinlets and fissures is usually composed of a mix- 
ture of the enumerated minerals but rather common is also an arseno- 
pyrite ore brecciated merely by, for instance, quartz, calcite, chaleo- 
pyrite, tetrahedrite or pyrite etc. The textures of the brecciating 
minerals are sometimes rather complicated. The microscopical study 
shows an abundance of replacement, and redeposition of, for instance, 
arsenopyrite. Some of the minerals, it appears, are the result of reac- 
tions between earlier crystallized components and a rest solution. 
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Table II. 
Mineral Chart of the Boliden Ore. 


k | IL. 
i| - . 
Arsenopyrite Ore | git hy gthe sPe gi || Pyrite Ore 
|| 
Arsenopyrite Quartz | Pyrrhotite | Tourmaline | Pyrite — 
Chalcopyrite Rutile | Chalcopyrite ) Quartz | Pyrrhotite 
Pyrrhotite _ Apatite | Galena Rutile | Chalcopyrite 
Sphalerite | Sericite | Bismuth | Apatite Sphalerite 
Pyrite _ Chlorite | Bismuthinite | Sericite Galena 
Boulangerite _ Hornblende || Boulangerite | Mariposite Boulangerite 
Jamesonite | Calcite Jamesonite | Andalusite Jamesonite 
Bournonite Titanite Bournonite Calcite Bournonite 
Galena | Andalusite Sphalerite | Plagioclase Arsenopyrite 
Tetrahedrite | Plagioclase | Cobaltite Fluorite Magnetite 
Cubanite | | Cubanite Cubanite 
Valleriite Valleriite Valleriite 
Cobaltite Emplektite? Stannite 
Safflorite Bi-tellurides | Bi-tellurides? 
Niccolite | Guanajuatite? | Gold 
Gudmunditet Tetrahedrite 
Bismuth Gold Quartz 
Gold (Electrum) . || Silver Sericite 
| Kjockmannite | Chlorite 
Pyrargyrite Hornblende 
Pyrite Calcite 
Arsenopyrite | Plagioclase 
| | Apophyllite 
Apatite 
Tourmaline 
Rutile 
Bitumen 


Note: The author wishes to point out that this chart is to be considered only as pre- 
liminary; a further study will surely add other minerals. Especially as regards the 
erals of the two later stages it must be noted that the determinations are still incomple 
and that a number of minerals, not mentioned, are as yet »unknown» to the author. 
This is particularly the case with several sulphantimonides and sulphbismuthinides 4 
in the paper termed »sulphominerals» for the sake of brevity — and the selenides and 
tellurides. 

RampouR records the presence of léllingite and dyscrasite (Lehrbuch der Erz- 
mikroskopie I], p. 209 and 259); they have so far not been observed by the author. 

The interrogatives indicate that the occurrence of the mineral in question has not 
been conclusively established. 


The most typical feature of the arsenopyrite ore is the occurrence 
of numerous small pores or »druses», filled with different other min- 
erals. Every section displays a great number of these formations, irreg- 
ularly distributed throughout the ore. They are at most about 1 mm 
in diameter but generally considerably smaller and are in shape as a 
rule rounded or elongated (Plate I: 1 and Plate III: 3). Small pores 
sometimes accumulate, and a framework of arsenopyrite crystals is 


1 FeSbS. Lit.: Gaventn, S., Auftreten und Paragenese der Antimonminerale . 
im Skelleftefelde. Geol. fae of Sweden, Ser. C. 404, 1936, and Rampour, Ps 
Erzmikroskopische Untersuchungen etc., Z. f. Min. A, 1937, p. 203. 
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formed, as indicated in Plate II: 2 and Plate III: 2. The pores can also 
accumulate to streaks and veinlets, thus forming a transition to the 
brecciating veinlets, described above. 

In the immediate vicinity of the pores the fine-grained arsenopyrite 
becomes well idiomorphic and coarser. A garland of beautiful and 
sharply defined arsenopyrite crystals is then sticking into the interior 
of the pores, and the space left between the crystals is filled with a 
number of the enumerated minerals, either in a mixture of several, or 
singly. One thus finds the pores filled with quartz, apatite, pyrite, 
»sulphominerals», gold, ete. (cf the figures). 

In the deeper parts of the arsenopyrite bodies and occasionally 
in other places, particularly along the margins or at the ends of the 
ore bodies, quartz is, together with arsenopyrite, the 
dominating mineral. Grains of rutile, sericite, chlorite 
or apatite occur sparingly. The ore is always very fine-grained 
and shows in places an fine but nonpersistent banding. In the micro- 
scope it shows a spongy mass of small, agglomerated arsenopyrite 
crystals with quartz and the other minerals filling the interstices. 

In some cases a dense arsenopyrite ore is banded with apatite. 
The bands are wavy and discontinuous and often contorted and folded. 
There are, however, no traces of crushing. The apatite occurs in-small 
prismatic crystals (Plate IV: 2), about 0.08—0.3 mm Jong. Figure 3 
on Plate II shows a typical specimen of this kind of ore. The thin 
veinlets, brecciating the apatite-arsenopyrite ore, consist of chal- 
copyrite. 

As regards the order of crystallization this question can only be 
touched upon in the present paper. Arsenopyrite and the 
largest part of the rutile are the first minerals to crystallize. A p a- 
tite is in some cases early and crystallized even before the arseno- 
pyrite, but the main part probably formed later. The main part of 
the arsenopyrite seems to have been fully crystallized when the depo- 
sition of the other ore and gangue minerals began. Among them the 
ysulphominerals, galena and bismuth were the latest 
minerals to form. 


Concentrations of Apatite and Rutile. 


Besides the andalusite-rock the sericite-rock contains two other 
mineral concentrations which will be briefly mentioned. They both 
stand in close connection with the arsenopyrite ore, in one case even 
forming a direct continuation of an arsenopyrite lens. 

In this case the arsenopyrite ore is unusually rich in apatite. 
Towards the end of the ore body the arsenopyrite disappears, giving 
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way to pyrite with exceptional quantities of gudmundit 
and cobaltite. Among the gangue minerals quartz an 
apatite are predominating. A faint banding of the ore mineral 
and the gangue is noticeable. Finally the ore minerals and the quart 
decrease, leaving lenses to the largest part composed of apatite. The 
are well defined and showed very sharp contacts to the surroundin 
sericite-rock. The apatite — an analysis proved it to be fluor-bearing 
— occurs in grains of varying size (maximum ab. 1 mm), often qui 
idiomorphic. They are, however, often strongly corroded, chiefly by 
quartz. Among the other constituents of the apatite-rock we note, 
besides quartz, pyrite, pyrrhotite, sphalerite, chalk 
copyrite, »ulphominerals, gold and a brownish mi- 
ca, generally occurring on fissures and in gash veins with quartz. 
The other mineral concentration appears in elongated, cigar-shaped 
lenses of some meters’ length in close connection with and along th 
keel of some of the arsenopyrite bodies. The lenses have the same 
pitch to the east as the arsenopyrite body, and show sharp contacts 
to the enclosing sericite-rock. The fine-grained, brownish violet-co- 
loured material in the lenses is mostly composed of rutile in small 
clustered grains, besides sometimes cobaltite in abundance, some 
quartz and sericite, and occasional grains of apatite. 
On fissures and in irregular lumps in the rutile-rock a silvery, foli- 
ated mineral occurred, occasionally in large quantities. It looked quite 
homogeneous to the naked eye, but polished sections showed that theret 
were at least three different but rather similar minerals present. Che- 
mical analysis indicated the presence of minerals related to the bis- 
muth-tellurides as tellurium and bismuth were the most 
abundant elements. Besides that also selenium, some sulphur and 
some lead, antimony, gold and silver were found in varying, but small 
amounts. Most of the gold and silver seems to occur in the native state 
(as electrum), sometimes in thick foliae on fissures in the rutile-rock. 
The chemical test showed only traces of tellurides of those metals. 
As regards the bismuth-tellurides, it is impossible at present to 
state the actual mineral species. The chemical and microscopical 
investigation carried out so far suggests the presence of three different 
minerals. The presence of sulphur in one case indicates te trad y- 
mite, though on the other hand, the high percentage of selenium 
does not seem to be in accord herewith. In the other case investigated 
sulphur is not present, and a mineral of the wher lit e- type is likely 
to be present. Also here the content of selenium is fairly high. A cer- 
tain surplus of tellurium and the content of lead and antimony also 
remain to be accounted for (no ordinary Pb—Sb minerals were seen). 
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There is also some uncertainty as to the place of the tellurides in the 
paragenesis. They do not seem to belong to the arsenopyrite stage, 
as they were never actually seen in the arsenopyrite ore. In the follow- 
ing stage, however, tellurides occur and it is believed that the tellu- 
rides in the rutile-rock were deposited subsequent to the formation of 
the rutile and that they belong to the second stage of ore deposition. 


Veins in Connection with the Arsenopyrite Ore. 


On some occasions vein-like formations were seen to branch off 
from the main arsenopyrite body, cutting sharply across the schisto- 
sity of the wall rocks. Such veins have sometimes been followed for 
several meters before they petered out along a small »break» or fissure. 
The veins are ramifying, swell and thin out repeatedly and are some- 
times sending out horizontal, lenticular off-shoots into the walls. As 
a rule they sharply cut the schistosity of the wall rocks and contain 
in places sharply defined fragments of the wall rock. 

The composition of the veins is very complex and in some cases 
a dozen different minerals may be counted in a single section. Bo u- 
langerite, jamesonite, bournonite, galena, tetra- 
hedrite and bismuth are most abundant, but also chalco- 
Pyrite, pyrrhotite, sphalerite, gudmundite and 
gold are met with Arsenopyrite occurs only in well defined 
crystals, corroded by the lead-antimony minerals. Quartz and 
some occasional films of sericite or chlorite are the only 
gangue minerals present. The amount of quartz increases at the ends 
of the veins and also in their upper parts. 

The vein material is often rather coarse-grained, boulangerite, 
jamesonite, bournonite and galena being intimately intergrown in 
bundles, about 0.5—1.5cm long. The bundles are sometimes arranged 
in rows parallel to the walls of the vein. 

In one particular case it was observed how the arsenopyrite ore 
became enriched in brecciating veinlets of »sulphominerals» and ga- 
lena around the place where the vein branched off from the arseno- 
pyrite body. Within the first meter or so of the vein the coarse-grained 
mass of »sulphominerals» and galena contained irregular and partly 
replaced inclusions of arsenopyrite ore. In the continuation of the 
vein arsenopyrite occurred only in the well-shaped, corroded crystals. 


Lamprophyre and Quartz-tourmaline Veins. 


The Lamprophyre. . 
This type of ore, constituting the second chief stage in the formation 
of the deposit, is represented by lamprophyric dykes, accompanied 


> 
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by veins or vein-like lenses of mainly quartz and tourmaline. Soli 
sulphides, mainly pyrrhotite with some chalcopyrite also form par 
of the ore. The quartz-tourmaline veins and the sulphides constitut 
the commercial ore. It mainly occurs on the deeper levels of the mine. 

The lamprophyric dykes will be considered first. They form typi- 
cal, intrusive dykes which have been followed 200—300 m continuously 
underground. Principally they follow the schistosity of the sericite- 
schists, but quite often they are also seen cutting it. They dip to the 
north, generally at a smaller angle than the sericite-schists. They are 
in many cases strongly sheared, but generally not as much as the 
wall rocks. Generally they are only 2—3 dm wide but exceptionally 
they attain a width of 1m. Of some importance is that the 
dykes are found only within the ore bodies or in their immediate 
vicinity. 

The colour of the dyke-rock is always dark gray or greenish gray, 
but the composition varies considerably from place to place. The 
most common type has the appearance of an ordinary chlorite-schist. 
The microscope shows an irregular mixture of chlorite and 
quartz with minor quantities of rutile and occasional large 
scales of a green mica. Already macroscopically pyrite and 
erratic »phenocrysts» of a faintly bluish quartz are noted. The 
- rock is evidently strongly altered and there are no traces of primary — 
features. This type of the dyke-rock has been analysed, the result — 
being shown in Table III below. Conspicuous features in the chemical — 
composition are the lack of CaO and the small amount of alkalis; note- 
worthy is also the high percentage of MgO and FeO and the small 
but not unimportant percentage of chrome. 


Table III. 
Chemical Composition of Chloritic Lamprophyre. 


SIO. Serene le eta e ey! 56.26 KO ae ee. rene 1.47 
SOT eee aks eee es 0.54 INS Ol RE eae ait cee oe 0.43 
SAL Orava y- eons sous. 13.84 Asein. tit. 4 co See 0.02 
Gr; Orne pei ts 5 (0.12 Pie CRE BR SNe ey tr ts 2.78 
IMS. ON iy Soo gehen 0.38 Ws egies reas eee eee | 0.33 
FeO eure: tO 6.17 COs): ane eee Bee nil 
LG 9a Gaede ee eee Sed EO) aCe eee ee 0.09 
a9 isd: 002 oe rs 0.06 ISAO ew dg a! At 3.23 
DOME Bec sh ee nil ir). 
WARY oc na 1.71 99.55 
Shp, Gits. cd ame Ie ~ = 2,72 


Analyst: Miss To. Berceren. 


1 As sulphides. 


Bd 60. H. 2.] ON THE MINERAL ASSOCIATIONS OF THE BOLIDEN ORE. 135 


Sometimes the rock has a rather different mineralogical compo- 
sition, particularly when the dykes occur in the sulphide ore. Already 
macroscopically hornblende is discernible in large quantities. 
Microscopically the mineral predominates in some mm large, almost 
colourless grains, having the optical properties of tremolitic 
amphibole. Other constituents are chlorite, calcite, 
titanite, zircon, and plagioclase. Quartz is pres- 
ent in occasional and insignificant grains. 

The plagioclase, of the composition AbjAnj», is found in 
small, intimately twinned grains. It is freshest and most abundant 
in a thin, brown-coloured zone along the margins of dykes cutting 
arsenopyrite ore. 

The two rocks now described are found to change from one type 
to the other along the strike of the dyke, sometimes very rapidly with- 
in a distance of a few decimeters. 

The primary composition of the dyke-rock is difficult to ascertain, 
as in that respect very few informations are obtainable from the rock 
in its present state. The plagioclase, providing it is primary, suggests 
a basic rock, and so do also the high amounts of FeO and MgO and the 
content of chrome. The amounts of FeO and MgO brought in later 
during the alteration are, however, impossible to state. The small 
quartz »phenocrysts», on the other hand, indicate a more acid rock. 
It is quite possible, however, that they should be interpreted as amyg- 
dules rather than phenocrysts. The observations apparently speak 
in favour of a basic dyke-rock and provisionally the term lamprophyre 
is used throughout the paper. 

It has occasionally been observed that a lamprophyric dyke is sur- 
rounded by narrow zones of a fine-grained, green mica, at the same 
time as the dyke is beginning to peter out. A continuation of the 
dyke is then formed by the green mica which can be followed as an 
independent dyke for several meters. A partial analysis of the green 
mica gave 

S17 © °K,0, 1.96 % Na,O and 0.54 % Gr,0.: 


The appearance of the mineral and its comparatively low content of 
chrome makes it rather similar to mariposite, the chromiferous 
mica found in gold-quartz veins at several localities in North America, 
and this name is also proposed to the chromiferous mica from Boliden. 
The green mica in large flakes in the chloritic lamprophyre is evid- 
ently also mariposite. 
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Relations of the Lamprophyric Dykes to the 
Ore Bodies. 
The relations of the lamprophyric dykes to the ore bodies are of 
special importance, as the division in the three genetic stages is 
in part founded thereon. 


Leica-Photo BGAB. 


Fig. 4. Back of stope (250 m level) showing lamprophyric dyke cutting quartz-banded 
arsenopyrite ore. Width of dyke 15 cm. 


On several occasions the dykes have been seen cutting the arseno- 
pyrite ore with sharp and distinct contacts (Fig. 6). In the quartz- 
banded ore the dykes cut obliquely across the banding (Fig. 4). On 
one occasion a dyke also cut through a lens of rutile-rock. The obser- 
vations made so far thus seem to indicate the dykes to be later than 
the arsenopyrite ore. Another feature speaking in favour of this rela- 
tion is the less altered state of the dyke-rock when it occurs in the ar- 
senopyrite ore (p. 135). For, if the ore were later, it would certainly 
not have left the marginal zone of plagioclase in its present, compara- 
tively fresh state. It must be pointed out, however, that on certain 
occasions a dyke, apparently cutting the arsenopyrite ore, is inter- 
cepted for a few centimeters and then continues as before. The in- 
terstices are generally filled with »sulphominerals» of the same kind 
as in the quartz-tourmaline veins (cf. p. 138), but in some rare cases 
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arsenopyrite ore has been found filling the gaps. The latter circum- 
stance seems in part to contradict the above conclusion. 

The lamprophyric dykes are also met with in the pyrite ore, but their 
appearance here is quite different. They occur in the form of typical 
inclusions, often impregnated, brecciated and replaced by the sur- 
rounding sulphides (Fig. 5 and 6). The outlines of a dyke can generally 
be followed in the pyrite ore by means of these inclusions, though very 
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Fig. 5. Section of stope (130 m level) showing appearance of lamprophyric dyke in 
pyrite ore. 
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Fig. 6. Back of stope (130 m level) showing appearance of lamprophyric dykes in arseno- 
pyrite ore and pyrite ore. 


often large, intervening gaps and the irregular and winding course of 
the inclusions render it very difficult. The length of the inclusions varies 
from several meters to only a few centimeters. The conditions unanim- 
ously denote the later formation of the pyrite ore — the third and last 
stage in the formation of the deposit. 


Quartz-tourmaline Veins. 


Directly connected with the lamprophyric dykes larger or smaller 
masses of chiefly quartz and tourmaline occur. Their shape is most 
variable, gash veins, ladder veins, lenticular veins of sometimes large 
size and ordinary, continuous veins being met with. 

Tension fractures are always present in the lamprophyric dykes, 
usually occupied by gash veins (Fig. 7) with quartz and occasio- 
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nally carrying tourmaline, »ulphominerals» ete. The 
gash veins sometimes widen out at the expense of the lamprophyre, 
forming large, vein-like bodies, several meters long. Quartz is t 
chief component, but tourmaline, mariposite, rutil 
sericite in large flakes, apatite and some fluorite as 
coatings are also usually present. Among the ore minerals we no 
pyrrhotite, boulangerite, jamesonite, bournonit 
galena, bismuth and gold (ef. second column in Table I 
p. 130), Arsenopyrite is very rare and occurs in suc 
positions only as to be suspected of having been derived from thi 
arsenopyrite ore by solution and redeposition. Occasionally tourmaline 
is the predominating mineral. The vein material then consists of a 
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Fig. 7. Schematic section of gash veins (black) in lamprophyrice dyke (gray). renal 
of gash veins generally 0.1—0.5 m. 


very fine-grained to almost dense mass of dark green to pale browr 
tourmaline. In the microscope the tourmaline needles are colourless 
or slightly brown-coloured'. Quartz or sericite of the coarse variety 
sometimes form ladder veins in these massive tourmaline veins. 

In one stope similar quartz-tourmaline veins were seen cutting lam 
prophyric dykes, clearly indicating the somewhat later age of the veins 

In the western part of the deposit a large body of massive quartz 
tourmaline occurs. It is lens-shaped in plan and has a form suggestiv 
of a pipe. The sericite-schist, forming the walls, smoothly follows th 
outlines of the somewhat irregular tourmaline body. Its strike is slighth 
deviating from the normal strike of the schists. The ore body consist 
mainly of a brownish or greenish tourmaline in small, slender 
sometimes radiating needles. Quartz occurs in ladder veins (Fig. & 
or irregular patches in the tourmaline and in thin, vein-like »tails 
at the ends of the tourmaline body, highly enriched in »sul pho 
minerals, Bi-tellurides, bismuth, gold _ an 
silver. 

As regards the mineralogical composition in general practically a 
the minerals are present which are enumerated in the second colum 


1 The veins bear a striking resemblance to some of the tourmaline veins at the Buffal 
Ankerite and Hollinger Mines in the Porcupine District, Ontario! 
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of Table IT (p. 130). Pyrrhotite and chalcopyrite are most 
common in the typical tourmaline ore, but locally »s ul phomin- 
erals» of different kinds are predominant. Also bismuth and other 
bismuth minerals are rather common. The pyrargyrite occurs 
as small grains intermixed with the other ore minerals or as thin coatings 
or crystals on fissures. In both cases a supergene origin is excluded as 
the occurrence is on the deeper levels of the mine and besides oxidation 
is totally lacking in the deposit. In the microscope the most complicated 


Leica-Photo BGAB., 


Fig. 8. Massive tourmaline ore with quartz ladder veins. (The picture is taken in a corner 
of a stope on the 330 m level; the white lines mark the corner and the contour of the back). 


textures are met with among the ore minerals, indicating complex 
reactions, replacement and probably also unmixing. Tourmaline and 
rutile are the first minerals to crystallize and the former is later brecci- 
ated and replaced by the other minerals. On some occasions plagioclase 
of basic composition (70—80 °% An) was found in the tourmaline mass. 

In the upper portions of the tourmaline pipe an overlying body of 
arsenopyrite ore was encountered. At the contact between the two, 
the arsenopyrite ore was beautifully brecciated by the tourmaline, 
clearly indicating the relation of age between the two formations 


(Plate IV: 1). 


Sulphide Ores in Connection with Quartztour- 
maline Veins. 


In the upper portions of the above tourmaline body pyrrhotite 
became more and more predominant and finally occupied the larger 
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part of the ore body. The ore is composed of solid pyrrhotite with in- 
significant amounts of the majority of the minerals from column two in 
Table II. The presence of plagioclase is especially noted. It occurs 
occasionally in the solid sulphide as clear, hypidiomorphic grains of 
an albitic composition. 

The contact between the pyrrhotite ore and the sericite-schist is 
very distinct and clean-cut. As a rule the schist does not even contain. 


Leica-Photo BGAB, 


Fig. 9, Arsenopyrite ore brecciated and partly replaced by pyrrhotite with some chalco- 
pyrite and quartz. Polished surface of specimen from contact between arsenopyrite ore 
and pyrrhotite ore. °/, of natural size. 


a trace of sulphides at the contact. It smoothly follows the outlines of 
the ore body. Occasionally the ore sends out vein- or wedge-shaped for- 
mations which sharply cut across the schistosity of the sericite-schist. 
Replacement along the contacts is exceptional. 

The pyrrhotite ore has been seen in contact with arsenopyrite ore on 
several occasions. The latter is then brecciated in the most delicate 
manner and exhibits several stages of brecciation, from clean-cut fissures 
filled with pyrrhotite or chalcopyrite to breccias with widely scattered 
inclusions of arsenopyrite — often angular and sharp — swimming in 
the groundmass of pyrrhotite (Fig. 9). 
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Pyrite Ore. 


Composition and Structure. 


The pyrite ore is chiefly composed of pyrite, forming a very solid 
and pure ore in large and continuous bodies (Fig. 2). Partly replaced 
inclusions of sericite-schist are fairly common in the ore. The difference 
in that respect between the pyrite ore and the ores of the previous stages 
is quite marked as the latter very seldom carry any wall rock inclusions. 

The pyrite is generally fine-grained, the individual grains sometimes 
showing crystal boundaries. The interstices between the grains are filled 
with chalcopyrite, pyrrhotite, occasionally sphalerite and »sulphomin- 
erals», quartz or calcite. In the microscope these minerals of the 
groundmass are seen to replace the pyrite. 

A list of the mineral constituents of the pyrite ore is given in the 
third column of Table II (p. 130). The pyrite ore is the only ore which 
carries sphalerite in any quantity. Apart from its occurrence in 
the groundmass, it is also found in separate streaks and bands. S t a n- 
nite is of rare occurrence and was only seen as small grains in the chal- 
copyrite of the groundmass. It also occurs in quartz-feldspar veins in 
connection with the pyrite ore (cf. p. 142). Small grains of mag- 
netite were seen ina few sections. The mineral is evidently very rare; 
it is never seen in the ores of the two previous stages. Among the gangue 
minerals quartz is by far the most abundant. Carbonate, 
presumably calcite, occurs here and there in coarse-grained 
lumps. Rutile amd apatite, typical minerals in the older stages, 
are here very rare. Tourmaline has been seen as needles in the 
pyrite ore, but is probably very rare as a primary component. Pieces 
of massive, fine-grained tourmaline, having the appearance of inclusions, 
have been seen in a few cases. 

The occurrence of plagioclase is of particular interest. On 
several occasions it has been found in the solid pyrite ore as partly 
quite fresh and often idiomorphic crystals of a maximum length of 1 cm. 
It is rather basic and the generally zonary mineral has a composition 
varying between 45—82 % An. 

Coarse quartz-plagioclase veins, sometimes lens-shaped and of irreg- 
ular appearance, occur at the contacts of the ore in positions as to sug- 
gest their branching off from the sulphide ore. The veins follow the 
schistosity but are also seen cutting it. The plagioclase attains a size of 
2—3 cm in length and is quite fresh. It is generally light-gray in colour 
but greenish varieties have also been seen. The composition varies 
between 25—35 % An. The plagioclase was the first mineral to 
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crystallize and was later replaced by quartz, calcite, chalco- 
pyrite, some of the »ulphominerals and gold. In one — 
case stannite occurred as irregular grains and delicate skeleton — 
crystals in the chalcopyrite. Andalusite and Bi-tellurides 
were seen on one occasion. 


Wall Roek Contacts. 


For long distances the contact to the wall rocks is absolutely clean-— 
cut. Disseminations of sulphides may be present but it is far from — 
% being a ae aah ere 
, are quite often devoid of any 
C27 sulphides. 

A typical feature of the con- 
tact is the occurrence of cross- 
cutting, massive sulphide bodies 
of much variform shape as veins, 
lenses and wedges. They are 
always directly attached to the 


(Ui sserselee a cress pyrite body. Fig. 10 shows a 
0 lenticular type often met with. 


Pyrite Ore The lenses are often arranged en 
échelon and may be followed in 
ee Chalcopyrite 


the walls of the stopes for many 
meters. Some are standing verti- 
cal as the one in Fig. 10, others 
Mi twalt iors or ee Tenth nies a6 horizontal. ‘They are usually 
with chalcopyrite and directly attached to composed of chalcopyrite, 
se nim Gaser, Setgaquasem ole, though the larger ones may be 
to the schistosity. composed mainly of pyrite 
with some chalcopyrite 
and pyrrhotite. A beginning concentration of chalcopyrite is 
generally noticeable already in the main pyrite body in the vicinity of 
the cross-cutting body. Other constituents are »s ul phominerals», 
gold, clear crystals of oligoclase and some quartz. They 
often contain inclusions of arsenopyrite ore and sericite-schist; the latter 
are quite sharp-edged and are free from sulphide disseminations. 
The contacts between the cross-cutting sulphide bodies and the 
surrounding sericite-schist are always sharp, and the schist does not 
contain any sulphides. 
Besides contacts of the type mentioned above gradational contacts 
are also met with and occur comparatively often. The ore displays 
in such cases an unusually marked parallel structure towards the con- 
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tacts and contains also strongly pyritised remnants of the wall rocks, 
elearly indicating the direct replacement by the ore bearing solutions. 


Relations to the Arsenopyrite Ore. 


The pyrite ore always brecciates the arsenopyrite ore, the resulting 
structures being very similar to those described in the chapter on the 
arsenopyrite ore (p. 129). The arsenopyrite bodies are surrounded by 
brecciated zones of varying width, displaying inclusions of arseno- 
pyrite ore in varying stages of replacement (Plate III: 1). Some in- 
clusions are quite angular and sharp-edged, others are blurred and thor- 
oughly impregnated with pyrite or chalcopyrite. Around the inclusions 
and also around some of the large arsenopyrite bodies the pyrite ore 
shows a parallel structure which does not give the impression of having 
been formed merely by replacement of a pre-existing structure. 


Apophyllite Veins. 


In a few places apophyllite has been observed. The mineral generally 
occurs as small groups of crystals or as crustifications in the gouge of 
minor faults. As the faults are cutting the arsenopyrite ore as well as 
the pyrite ore, the deposition of the mineral most probably took place as 
a late phase of the pyrite stage. 

Apophyllite also occurred in narrow veins together with some sericite 
in the sericite-schist close to one of the pyrite bodies. 


Conclusions. 


After a thorough tectonic preparation of the bedrock, resulting 
primarily in the development of a schistosity (and in sericitisation) 
a first fraction of ore bearing solutions entered the drag fold along 
certain centres of least resistance. This fraction was mainly com- 
posed of arsenic and sulphur with a number of metallic components 
and a vast amount of volatiles. | 

The crystallization began with the formation of arsenopyrite and 
probably also some rutile and apatite. The microscopic textures of 
the pores and »druses» indicate that the bulk of the other constituents 
was held in solution during the crystallization of the arsenopyrite and 
was enclosed in the pores and elsewhere in the framework of arseno- 
pyrite crystals. A certain stress acted on the complex, not only during 
the introduction of the solutions but also during the erystallization. 
The stress resulted in fracturing of the arsenopyrite and an ensuing 
brecciation and replacement by the constituents, still in solution in 
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pores etc. In places the rest solution was actually squeezed out in 
the walls to form veins. 

The sericitisation of the wall rocks continued during the formatio 
of the arsenopyrite ore and a maximum in the intensity of the alter 
ation is believed to have occurred during this stage, resulting in th 
formation of the pure sericite- and andalusite-rocks. 

The tectonic influence upon the drag fold continued, and straight 
fissures were next formed in which the lamprophyric dykes were intruded. 
A new set of fissures opened, mostly well confined to the lamprophyrie 
dykes, and here the quartz-tourmaline-sulphide veins and bodies wer 
deposited. The solutions forming these were quite different from the 
solutions which formed the arsenopyrite ore. Arsenic in the form 
of arsenopyrite is very rare, and among the metallic components we 
note Se and Te, and Pb, Sb and Bi in larger amounts than previously. 
The most striking feature is perhaps the enormous quantity of tour- 
maline which indicates the solutions to have been extraordinarily 
rich in volatiles. . 

It is believed that the sericitisation of the andalusite-rock and the 
formation of corundum belonged to this stage. Speaking in favour 
of this is, for instance, the occurrence of coarse sericite and Bi-tellu- 
rides in the andalusite-rock, minerals which are both typical of the 
quartz-tourmaline veins. . 

The pyrite ore forms the latest deposition of ore in the mine. The 
structural conditions governing its formation are so far only imper- 
fectly known; it can, however, not be due to any local feature as pyrite. 
ores of more or less the same type have a wide distribution in the district. 

In this case the composition of the solutions is much simpler. Only 
locally a concentration of Pb, Sb, Sn, Au etc. has occurred. Stress 
is acting on the complex also during this stage. One result thereof 
is the opening of fissures and cracks in the walls and their filling with 
chalcopyrite etc. (p. 142). 

When all the facts about the deposit, as contact relations, para- 
genesis, textures and structures, are considered in toto, the picture 
obtained is not that of a deposit formed entirely by metasomatic 
replacement of the wall rocks by hydrothermal solutions. It is believed 
that at the outset of all the three stages the ore solutions were forced 
up on zones of weakness in the schistose rocks of the drag fold, or 
in other words, that the ore solutions made room for themselves in 
the foliated sericite-schist by their inherent intrusive force. At the 
introduction of the solutions and particularly when during crystalli- 
zation water and other volatiles were liberated in large quantities, the 
wall rocks were replaced and impregnated by sulphides, sometimes to 
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. large extent. As mentioned above this was especially the case with 
he pyrite ore which contained, in places rather abundantly, remnants 
f sericite-schist and lamprophyric dykes. 

The solutions followed several separate channels at the introduction 
nto the ore zone, as is evident from the number of separate bodies of 
wsenopyrite ore and pyrite ore. 

As to the question of the nature of the mineralizing solutions it is 
convenient to keep the second stage separate in the discussion because 
yf its peculiar paragenesis and the somewhat divergent geological 
uppearance. The arsenopyrite ore and the pyrite ore, on the other 
hand, have so many qualities in common that they are considered 
fo have been formed under approximately the same conditions. 

The paragenesis of the arsenopyrite and pyrite ores with an abun- 
dance of minerals as arsenopyrite, pyrrhotite, apatite, rutile and plagio- 
elase and in part also hornblende points to a rather high temperature 
and pressure at the beginning of each mineralizing stage. On the other 
hand the later phases of mineralization are characterized by minerals 
as galena, »sulphominerals», apophyllite, etc., formed at comparatively 
low temperatures. The paragenesis of these ores evidently embraces a 
very wide temperature range. 

The relations quoted, as the initial intrusive mode of formation of 
the two types of ores, the textures and structures and the paragenesis, 
would indicate in each case a hot and rather concentrated ore solu- 
tion of presumably pneumotectic character. That is, the 
solution in question is considered a rest solution akin to a magmatic 
— orthotectic — solution but by the high content of volatiles con- 
siderably differing from the »dry» magma and forming a transition 
to hypothermal conditions. 

As regards the second stage the lamprophyric magma was intruded 
to begin with. The ore solutions which followed later were heavily 
loaded with boron and also some fluorine and contained in addition 
much silica but only comparatively little sulphur, arsenic and metallic 
components. This would indicate a very gaseous solution of high 
temperature and pressure, possibly »pneumatolytic» in nature. This is 
applicable to the initial stage; during the later stages the mineralization 
was of a rather low-temperature type as indicated by the mineral pyr- 
argyrite. Also here the range of temperature is exceptionally wide. 


The above chapters form a rather brief résumé of the most important 
facts concerning the Boliden deposit at the present state of the authors’ 
knowledge of the underground geology, and of the laboratory investi- 
gation of rocks and ores. The content should be looked upon as prelimi- 
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nary and the author is fully aware of that future work will furnish ney 
observations which may considerably change the suggestions presente 
in this paper. 
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Explanation of Plates. 
(Leica-Photo BGAB.) 


Plate I. 


Fig. 1. Breccia with angular inclusions of arsenopyrite oré (medium gray) in quartz 
with »sulphominerals» (dark, mottled gray). Polished surface, natural size. 
Fig. 2. Breccia with angular, partly replaced inclusions of arsenopyrite ore (medium 
gray) in a groundmass of quartz and sulphides (mottled gray). Polished surface, */, of 
natural size. 


Plabes ie. 


Fig. 1. Pore or »druse» in arsenopyrite ore filled with pyrrhotite (dark gray). Pleo- 
chroism in the arsenopyrite is faintly noticeable. Polished section, x 190. Immersion. — 

Fig. 2. Framework of arsenopyrite crystals with interstitial pyrite (P) and qua: 
(black). Polished section, x 260. Immersion. 

Fig. 3. Apatite-banded arsenopyrite ore. Apatite dark gray to black; thin, transverse 
veinlets are later chalcopyrite. Polished surface, 2/, of natural size. 


Plate III. 


Fig. 1. Arsenopyrite ore showing brecciation and beginning replacement by pyrite. 
Polished specimen from contact between arsenopyrite ore and pyrite ore. 3/, of natural size. 
Fig. 2. Framework of arsenopyrite crystals with interstitial chalcopyrite (medium 
gray), quartz (black) and gold (white speck above centre). Polished section, x 260. 
Fig. 3. Pore or »drusey in arsenopyrite ore filled with chalcopyrite (medium gray) 
and cubanite (dark gray). Polished section, x 120. Immersion. 


Plate IV. 


Fig. 1. Photomicrograph of thin section showing fine-grained tourmaline (mottled 
gray) brecciating and replacing arsenopyrite ore (black). Black portion in upper right 
corner is vein-like formation of rutile; the small black specks in the tourmaline are also’ 
rutile, x 25. : 

Fig. 2. Crystals of apatite (dark gray) in apatite-banded arsenopyrite ore (white). 
Later chalcopyrite (medium gray) in upper left corner and to the left of centre. Polished 
section, <X 120. Immersion. 
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m bestiimning av hégsta kustlinjen i sydvistra Hilsingland. 


Av 


R. SANDEGREN. 


(Manuskr. inkommet °/; 1938.) 
Hésten 1930 syntes i dagspressen en del artiklar med rubriker saisom 
Har Voxnan indrat sitt lopp?» och dylikt. Bakom dessa artiklar lag 
n intressant iakttagelse, gjord av den kinde hembygdsforskaren riks- 
agsman OLor JoHANSSON i Edsbyn. JoHANSSON, som med stor ihar- 
ighet arbetade pa att samla material till en hembygdsbok, som skulle 
ehandla Ovanakers socken i Hilsingland,! vande sig till Sveriges Geo- 
ogiska Undersédkning med begiiran om bistand i och for ett kapitel om 
ocknens geologi, vilket han énskade skulle ingé i arbetet. Med anled- 
ing harav erhéll jag-i oktober 1930 uppdrag att resa upp till Ovanaker. 
Jhuru arstiden ej var den limpligaste, kunde jag tack vare verksamt 
istand av hr Jonansson och tvenne andra ledamoter av Ovanakers 
embygdsférening, hrr P. A. Nort och E. Otsson i Vangsbo dock — 
amla sa pass mycket iakttagelsematerial, att jag med stéd dirav och 
v foreliggande litteratur kunde utarbeta ett kapitel om traktens geo- 
giska forhallanden, vilket ingér i ovan anforda hembygdsbok.? 
Bland det, som Ovanakerstrakten har att bjuda av geologiskt intresse, 
vtager den inom socknens sydligaste del upptradande déda alvfaran 
ch dess fortsittning mot O inom Alfta socken ett av de frimsta rum- 
en. Denna déda Alvfara, vars utseende framgar av fig. 1, har emeller- 
id intet vare sig med den nutida eller med den preglaciala Voxnan att 
6ra, utan har tjanat som avlopp fér en isdiimd sj6, som under ett visst 
kede av isens avsmiltning uppstod S om Homna, SV om Edsbyn, 
fomnaissjén (fig. 2). Faran, som har en lingd av c:a 4 km, borjar vid 
stra sidan av den lilla sjén Pottatjarn, dir den genombryter en rull- 
tensis, som bildar hégsta passtréskeln for den sig mot NV éppnande 
angabicksdalen, vilken intogs av den isdimda sjén, fran det att is- 


1 Jouansson, O., Ovandker. En norrlandssockens éden genom seklerna. 271 sid. rikt 
l. Bollnas 1937. Utgiven av Ovanakers Hembygdsférening med anslag av Lingmanska 
ulturfonden. — Arbetet med bokens utgivande kom p& grund av JOHANSSONS 1 mars 
933 intriffade franfalle att for en tid avbrytas. } 

2 SanpEeGREN, R., Ovandkers sockens geologi. 29 s. 15 textfig. 
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randen borjade draga sig tillbaka fran nimnda passtréskel och till dess 
att den kommit NV om det 379 m héga berget Homnaflen, da issjér 
avtappades 0 ut genom Voxnadalen. Passtréskeln ligger nu inemot 7 m 
ovan tjarnens vattenyta och c:a 240 m 6. h. Hiarifran stracker sig den 
déda alvfaran med ett nagot slingrande lopp mot OSO. Dess vastra 
del utgéres av en fran all hégre vegetation fri kullerstensbotten, avbrute 

endast av ndgra smirre tjirnar, vilka ligga i den forna alvens kroke 


Fig. 1. Ett parti av den déda alvfarans vastra del. I bakgrunden synes_en liten tjarn, 
beligen i ett av den forna dlvens krékbacken. 


bicken.1 Lingre O ut intages farans hotten till stor del av torvmar 
ker, och den slutar med en trattformig mynningsvik vid sydvastra sidan 
av sjOn Bornasen, 225 m 6. h. Allt sdkande efter en fortsaittning pa 
alvfaran fran denna punkt visade sig fafangt, och den narmast till hands 
liggande forklaringen pa detta forhallande ar ju, att avloppsalven har 
mynnat 1 det datida baltiska havet. ; 

Sasom av kartan, fig. 2, framgar, befinna sig sjéarna Bornasen och 
Skalen i ett ganska instangt lige, som féga limpar sig for en skarp be- 
stimning av hégsta kustlinjen, helst som terrangen dar i stor utstrack- 
ning tackes av unga torvbildningar. En sadan bestimning kunde dar- 
emot erhallas N om Ovanakers kyrka 4 Skallaberget vid Vangsbo och & 
det VNV om samma by beligna Torraberget. Pa Skallabergets sédra 
sluttning 4r moranen kraftigt urspolad upp till 228 m 6. h., dar en valdig 
anhopning av stora, frispolade block moter, och i en fickartad sinka 


1 Dr Grrr, Sten, Klaralyens serpentinlopp och flodplan. S. G. U. Ser. C. N:o 236, 
SthIm 1911. ; 
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Omrade ovan 
hégsta marina grainsen 


| | | | | | Inlandsisens rand 


HH Homna-issjén med aviopp 
am 


Fig. 2. Karta dver sydéstligaste delen av Ovandkers socken och angriinsande trakter 

yisande férdelningen av land och vatten under det skede, da isranden stod vid Edsbyn. 

NY om Ovanakers kyrka bilda Torraberget och Skallaberget tvenne stérre dar, dar hogsta 
kustlinjen bestiimts, 228 m 6. h. 


lirnedanfoér upptrider skiktat strandgrus och sand. Mordanen a Skalla- 
yergets ovan hégsta kustlinjen beligna delar dr i allmainhet av en stor- 
lockig och rikblockig typ, men a Torraberget ar moraintypen mera 
lockfattig, varfor jordarten 4 bergets hégre delar kunnat odlas ned till 
28 m:s nivan, dir branningsbearbetningen vidtager. 
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nyssnémnda bergen, 228 m, att bestiimningen av hégsta kustlinjen vy 
Ovanaker torde fa betraktas som fullt tillférlitlig. Detta varde, 228m 
star Aven i god 6verensstammelse med A. G. H6eBoms bestaémning ay 
hogsta kustlinjen till 227 m 6. h. 4 Bolleberget vid Bollnas.1 


} Héoczom, A. G., Om hégsta marina grinsen i norra Sverige. G. F. F. Bd 18, 189 


8. 485 
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W. W. WILKMAN. 


Den 26 sistlidne december avled i Helsingfors statsgeologen vid Geo- 
logiska kommissionen i Finland, fil. dr W. W. Witxman. Han har till 
fromma for den finska geologiska forskningen utfért ett livsverk, vilket 
ar vart att ihagkommas och Aras i hela Norden. 

W. W. Wiixman foddes den 13 mars 1872, blev student 1889 och 
filosofie kandidat vid Helsingfors Universitet 1895. Redan under sin 
studietid, ar 1892, intradde han i tjainst vid Geologiska kommissionen 
som extra geolog. Man kan siga, att han var den yngste bland den 
generation av geologer, vilken under de stora forskarnas, WILHELM 
Ramsays och J. J. SepERHOLMS ledning, inforde de moderna askad- 
ningarna i Finland samt i huvudsak verkstillde landets geologiska ut- 
forskande, vilket allt varit till nytta for och givit upphov till nya ini- 
tiativ inom urbergsgeologin déver hela varlden. 

WILKMAN arbetade lange som extra tjinsteman och i en till det yttre 
obemarkt stillning, men redan hans tidigaste kartlaggningar voro av 
stor betydelse for manga av Kommissionens publikationer samt for den 
blivande uppfattningen angaende férhallandena mellan de olika forma- 
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tionerna i éstra Finland. Forst ar 1919 bley W1LKMAN assistentgeolog, 
1932 statsgeolog och 1936 hedersdoktor. Sedan 1913 var han medlem 
av Geologiska Féreningen i Stockholm. 
WILKmANS egen forfattareverksamhet tog sin borjan ar 1912 med en 
avhandling rorande kvartiira nivaforindringar i 6stra Finland, men 
senare specialiserade han sig allt mera uteslutande pa kartlaggning 
och undersdkning av berggrunden, pa vilket omrade han bland finske 
geologer ager fértjinster, ensamma i sitt slag. Han har kartlagt store 
omraden av 6stra, mellersta och norra Finland, ensam sammanstallt 
berggrundskartbladen Nurmes, Kajaani och Kuopio av Geologisk 
dversiktskarta Over Finland, samt i samarbete med sina kolleger bladen 
Joensuu och Kuolajirvi. Han blev framfér allt specialist pa dstra 
Finlands karelska skifferformationer samt pa de s. k. centralgraniterna. 
WILKMANS intresse for kartbladsarbetet, hans anstrangningar att 
fi kartbladen sa detaljerade och naturtrogna som méjligt samt hans 
striivan till noggrannhet och fullstaéndighet vad beskrivningarna betraf.- 
far voro sa stora, att volymen av hans 6vriga avhandlingar blev mindre 
Den omfattar dock ett tiotal skildringar av intressanta tektoniska och 
stratigrafiska detaljer fran é6stra Finlands skifferomraden (bottenforma- 
tionerna vid M6lé, Kuopio-traktens kvartsiter och Tohmajirvikongle 
meratet) samt av siregna magmabergarter (diabaserna i norra Savolax 
mellersta Finlands unakiter, syeniterna i Nilsié och effusivbergarterna 
i Saarijarvi). 
WILKMANS starka sida var just det, att han inskrankte sig till och 
koncentrerade sig pa kartbladsarbetet, vari han utvecklade sig till den 
framste bland Finlands geologer. Om nagot, har detta arbete ett be- 
staende virde, vilket alltid blir pee av fackmiin, oberoende a 
att uppfattningarna forandras och vetenskapen gér framsteg. 
WILKMAN dog mitt under sitt arbete, innan han hunnit helt slutfér. 
beskrivningen till Kuopio bergartskarta. Under de senaste somrarna 
kartlade han anyo det omvixlande och intressanta s. k. Koli-Kaltimo- 
vartsitomradet SW om Pielisjirvi. Men icke endast sina i tryck ut- 
givna arbeten, utan iiven sina arbetskartor och dagboksanteckningar 
utforde WILKMAN med samma synnerliga omsorg. Allt det av honom 
insamlade materialet, vilket ar oerhért mycket stérre in nagon annan 
geologs 1 Finland, ir ordnat och redigt, firdigt for kommande forskare. 
W. W. WILKMAN var som minniska dppen till sin natur och hjartlig. 
Hans kolleger hollo uppriktigt av honom och pa landsbygden, dar han 
rorde sig bland folket, var han éverallt giirna sedd. 7 


Erkki Mikkola. 
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Grénstenarnas placering inom Viisterbottensfjillens 
kambrosilurstratigrafi. 


Ay 
Oskar KULLING. 


(Manuskr. inkommet #/; 1938.) 

Under den geologiska dversiktskarteringen av Vasterbottensfjallen 
1a de talrikt forekommande eruptivbergarterna ignats langt stérre upp- 
nirksamhet an de dem omgivande sedimenten. Petrografiska synpunk- 
er ha stallts i forgrunden, och stratigrafiska data ha i de flesta fall ej 
ignats stérre uppmarksamhet. 

Visentliga forutsittningar for tydandet av de olika eruptivbergarter- 
1as aldersstillning och inbérdes samhérighet utgér kinnedomen om de 
imira lagerfoljdsforhallandena. Da dessa forutsaittningar for stora 
lelar av fjallomradet ifraga i ratt stor utstriickning saknas, kunna de 
Orsdk, som gjorts att generellt aldersindela eruptiven, ej ha alltfor 
tor birkraft. Vilka eruptiv, som béra hinforas till den ena eller andra 
nagmatiska aktivitetsperioden, ar darfér annu féremal for debatt. 
Tack vare vilvilligt tillmétesgaende av Chefen vid Sveriges Geologiska 
Jndersékning, éverdirektér Axel Gavelin, fick jag tillfalle att sommaren 
(937 gdra en veckas exkursion inom vissa delar av Vasterbottensfjallen. 
Det ar sirskilt pa grund av de diarvid gjorda iakttagelserna, som det 
livit méjligt att ta upp mesketgroénstenarnas Aldersstillning till 
srévning samt i anslutning dartill aven beréra vissa andra av Vaster- 
pottensfjaillens bergartsserier. 


Nar namnet Mesket forsta gangen kom in i den geologiska litteraturen 
yenom prof. QUENSEL (10), var det for att namnge ett grénstensagglome- 
at efter sin fyndlokal. Med Mesketagglomeratet avsigs den effusiva 
sronstensbreccia, som patriffats i dstra branten av fjalltoppen Mesket 
ych som dirifran kunde féljas mot NO och SO. 

Utan att nagra aldersbestammande data aberopades framkastade 
JUENSEL 1922 en formodan om att agglomeratet ifraga vore likaldrigt 
ned gronstenseffusiven inom Trondhjemsfaltet. Snart overgavs emeller- 
id denna uppfattning av QuENSEL och hans medarbetare, och Mesket- 
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formationen, som grénstensserien nu kallas, ansags ligga strax ovan ep 
stor diskordans inom kaledoniska geosynklinalens kambrosilurbild- 
ningar, medan Trondhjemsfiltets gronstenseffusiv, bymarksgrénste 
narna, lago under en stor diskordans (11). Den férmodade bristan¢ 
dverensstiimmelsen i stratigrafisk position mellan de olika faltens grén- 
stenseffusiv skulle enligt Quensel tala mot likaldrighet. Han forut- 
satte dirvid tydligen bl. a., att en enda, stor diskordans forefanns inom 
vartdera av de tvenne omradena, samt att det vid denna tidpunkt redan 
idagalagts, vad som ursprungligen legat uppat inom de undersdkta 
lagerfoljderna inom Visterbottensfjallen. 

I en monografi éver berggrunden inom Sédra Storfjallet (4) utvidgade 
Brskow 1929 begreppet Mesket till att omfatta en formation, rymman- 
de ganska olikartade led. Huvudparten av Beskows Mesketformation 
var visserligen basiska effusiv, men intermediara och sura ytbergarter 
inbegrepos aven liksom lerskiffrar, kvartsiter och andra sediment, som 
patriffats i intimt forband med de ytvulkaniska bergarterna. 

Samma ar som avhandlingen dver Sédra Storfjallet utkom — fast 
genare pa aret — trycktes BackLUND-QUENSELs berggrundskarta 
éver Vasterbottensfjallen (1). A denna karta har begreppet Mesket fa 
en ndgot annan innebérd in tidigare. Det talas dar ej blott om effus 
av basaltisk sammansattning, utan Aven om en serie ytbergarter, som 
isammansittning vixlade fran basiska led till keratofyrer. Det beton 
att de primara strukturerna aro vil bibehallna. Vid sidan av Meske 
effusiven stalldes en annan serie eruptivbergarter av starkt omvandla 
»gabbromagmatiska djup- resp. ytderivat», som benémndes »grénstenar 
av Lastarfjallstyp och grénstensskiffrar av Jarvfjallstyp». | 

I min framstallning rérande stratigrafien inom centrala delen av Vas- 
terbottensfjallen (9), behandlas iven mesketgrénstenarnas Alder. Dar 
framliggas en del omstindigheter, som tyda pa att »effusiven av Mes- 
kettyp» samt en del av »grénstenarna av Lastarfjillstyp och grénstens- 
skiffrarna av Jarvfjillstyp» hora till en och samma vulkaniska epok 
av sikerligen ordovicisk alder, Mesketserien i min bemirkelse. En 
annan del av Lastarfjills-Jarvfjallserénstenarna fér jag till en yngre, 
silurisk fas, som representerar gabbroida intrusioner, stelnade pa hogre 
eller lagre nivaer inom geosynklinalsedimenten. Som aldre an de olika 
gronstensbergarterna raknas de ultrabasiska olivinstenarna. 

Det finnes ganska ringa dverensstimmelse mellan den stratigrafi 
som framkommit vid undersékningarna inom centrala Vasterbotten 
fjaillen, och den, som uppstallts for nordligare delar av fjallomrade 
Sarskilt ha de effusiva grénstenarna fatt helt olika placering. 

I det foljande kommer jag att framligga de omstandigheter, som tord 
adagaligega, varfor nagon bindande konnektering mellan ifragavaran 
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mraden och med det forhandenvarande tillgiingliga materialet e} giirna 
ar mojlig. 

Under de sistférflutna aren fram till nuvarande tidpunkt har strati- 
rafien inom Visterbottensfjillens kambrosilur, inklusive mesketgrén- 
tenarnas placering inom sedimentpacken, endast undantagsvis varit 
ppe till debatt. 

Da T. Du Rixrz i ett foredrag (6) anviinder namnet Mesket for vissa 
ronstenar inom nordligaste delen av Jamtland, tar prof. H. Backtunp 
ul orda hiremot samt framhaller, att han fortfarande anser, att Mes- 
etgruppen a ena sidan och Lastarfjills- och Jarvfjallsgrénstenarna 4 
en andra voro strangt aldersskilda (2). Men till BackLunps deklara- 
ion fogas ej nagon motivering. Hj heller har nagon sadan senare fram- 
érts, ehuru deklarationen aterupprepats (3). 

Denna omstindighet samt en anmodan att ta stillning till de senaste 
iskussionsinliiggen féranledde mig att beséka de bada typomradena for 
nesketgrénstenarna, Mesket-Gabbi-omradet och Sédra Storfjallet, som- 
naren 1937. 


Mesket-Gabbi-omradet med angrinsande fjallryggar. 
Jmradet ligger nom nordvistra delen av Vasterbottensfjallen, 10—15 
m NO om Overuman. Kartan 4 fig. 1 lamnar en éversikt éver omradets 
ergartsserier 1 enlighet med BackLUND-QUENSELS karta. Mesketgrén- 
tenarna och kvartsitkonglomeratet inom omradet ligga i ratt hogmeta- 
norf milj6 med sedimenten i glimmerskifferstadiet. Mot V sjunker 
netamorfosen sakta. Pa grund 
vy omradets metamorfos ar 
fesket-Gabbi-trakten ej sirdeles 
implig som stratigrafiskt nyckel- 
mrade, Den héga metamorfosen 
aed mineralnybildning utmed 
e ursprungliga strukturplanen i 
ergarterna gor det svart att 
ifferentiera upp de nu ratt mo- 
otoniserade sedimenten samt 
okalisera primara diskontinui- 
etsytor i lagerfoljden eller ta 
ull hansyn till genom glidningar 
ch sammanskjutningar foror- 
Bade ee eur: ne Fig. 1. Kartskiss 6ver Mesket-Gabbi-trak- 

Besxow har 1929 (4) lamnat tens berggrund. Efter BackLUND—QUENSELS 
agra data fran Mesketforma- V&sterbottensfjallkarta (1). Skala 1 : 200 000. 


. coma fs A och B tvenne uppmitta berggrundssek- 
ionens bergartsvaxling lings en fidner, a6 fige Boch 3a. 0 
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bick i Gabbitoppens nordéstra brant. Han anser, att gronstensserie: 
hir ar inverterad, men ndgon motivering till detta antagande fram 
ligges ej. De mesketgrénstenarna omgivande bergartsserierna upp 
tagas ej till nirmare behandling. 

QuENSEL beskriver (11) 1931 helt kortfattat en berggrundssektio 
lings en biick, ocksi den fran Gabbitoppens nordéstbrant. Inom 
Mesketformationens basiska ytbergarter urskiljer han ett stort antal 
olika typer, sasom agglomerat, lapillilager, askbiaddar, lavanivaer o 
vulkaniska bomber. Det betonas samtidigt, att metamorfosen i tvenn¢ 
zoner i bickskiarningen dr ganska intensiv med delvis sekundarbandning 
hos bergarterna. Ovan mesketbergarterna, framhaller QUENSE: 
vidare, anstaé i passet mellan Mesket och Gabbi »de bergarter, som 4 
kannetecknande fér vad som antages vara vojtjakonglomeratets lig: 
gande, staurolitskiffrar och den ur kalksandstenen utgangna tita hallon- 
fargade seveskiffern». Det ovan fodljande vojtjakonglomeratet anse 
ha vulkaniskt material som cement. 

QUENSEL synes av det ovan anforda citatet att déma vara av den 
uppfattningen, att Mesketformationen i omradet ifraga lag rattvand och 
ej inverterad, som Brskow foérmodat. Men omedelbart efter det ova 
anforda citatet tillfogar QUENSEL, att han anser, »att den betydelsefulla 
diskordans, som konglomeratet sikerligen representerar i geosynkling ;. 


samheten». Med denna vulkanism avses synbarligen Mesketvulkanis 
men. 
Det torde vara givet, att om Mesketvulkanismen stode i en sa omedel- 
bar relation till vojtjakonglomeratet, som i det sist refererade formodats, 
skulle grénstenseffusiven och konglomeratet féljas at i falt, i all synner 
het inom det ifragavarande Mesket-Gabbi-omradet. Det géra de emel- 


serierna gi exempelvis fram pa var sin sida av Gabbimassivets glimmer- 
skiffrar. 1 

Redan fore mitt besdk inom Mesket-Gabbi-omradet kunde jag av 
QUENSELS observationsmaterial sluta till, att analogierna mellan strati- 
grafien i detta omrade och i centrala delen av Visterbottensfjallen voro 
ganska stora. I bada filten skildes nimligen gronstenseffusiv fran ett 
hogre upp i lagerserien liggande kvartsitkonglomerat genom delvis 
klastiska sedimentserier. Denna omstindighet var det, som kom m 
att anvinda Mesketnamnet aven for de sydligare grénstenseffusiven. 

Mina undersdkningar inom Mesket-Gabbi-omradet stricka sig dv 
knappa tva dagar samt kunna sagas resultera i tvenne uppmitta deta 
sektioner genom berggrunden fran vojtjakonglomeratet och nedat 
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Sektionernas lagen finnas intecknade a dversiktskartan. Den nordligaste 
sektionen féljer i stort en back uppfér Mesket-Gabbi-massivets nord- 
ostra brant till vistra delen av en flack dalsiinka mellan de bada top- 
parna. Min sektion ligger antagligen N om BesKows och QuEnsELs 
sektioner. 

I Meskettoppens sydéstra brant, ned mot den ovannamnda, hégt- 
beligna dalsiénkan, anstar en miiktig serie av sediment, som nu upp- 


mee Grasvart skiffer ===<| Kalkglimmerfyllit 

: a : ==s| Kalkglimmerfyllit med 
— Glimmerkarvfyllit Seer 1 ikutenshinser 
2583) Konglomerat ==-) Grénstensagglomerat 
=| Glimmerskiffer ==-| Finkornig grénsten 
Hard glimmerfyllit ===] Hornblandeporfyrit. 


Fig. 2. Sektion fran Mesket-Gabbi-massivets nordéstra sluttning, fran dalslatt mellan 
topparna ned till fjalldalen NO om massivet. Kartsektion A 4 fig. 1. 


rida som granatglimmerskiffrar. De torde narmast motsvara den 
yergartsserie, som i ligre metamorf drakt av mig benimnts Lévfijills- 
erien. Inom centrala Visterbottensfjallen var den representerad av 
calkhaltiga fylliter, grova lerskiffrar samt sandiga fylliter. I de undre, 
lirmare undersékta delarna av branten stupar granatglimmerskiffer- 
erien nordnordvistligt. 

Genom den lilla dalslitten nedanfér granatglimmerskifferbergbranten 
etar sig en liten back fram mot 0. I O drar dalen ihop sig, och biicken 
vildar en serie forsar och fall under sin fortsatta vag ned till den stora 
lalgingen i O, genom vilken Nedre Alsvattnet avvattnas. Sektionen i 
ig. 2 har, som sagt, uppmatts huvudsakligen utefter backen fran den 
ila dalslittens vastra del ned till den stora fjalldalen i O. Backen gar 
lagot snett i forhallande till bergarternas strykningsriktningar. De 
nitta miktigheterna ha darfér reducerats till vinkelratt mot stryk- 
lingen och representera i sektionen lagermaktigheter. 

Overst i sektionen, sektion A 4 kartan, komma hiillar av en grasvart 
erskifferbergart, som trots den héga metamorfosen pa grund av sin 
olhalt bibehallit ett tamligen primirt utseende. Samma bergart fort- 
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sitter NV om sektionen, och skifferseriens miktighet uppgar nog till 
nagot 100-talm. Efter enstaka hillar av glimmerkirvfyllit kommer et 
konglomerat, vars blottade maiktighet air c:a 20 m. Konglomeratet f6 
bollar av hard kvartsit samt grénsten. Det far genom denna samman 
siittning en gropvittrande yta, da grénstensbollarna vittra langt hasti 
gare in kvartsitbollarna. I sektionsavsnittet ar konglomeratet ratt 
kraftigt pressat. Bergartsserierna SO om konglomeratet kunna limpli 
gen indelas i trenne grupper. Den évre utgores av kalkstenslinsiga 
jealeg immneraliftiur till kalkglimmerfylliter. Den mellersta uppbygges 
av samma slags kalkrika sediment men med upprepade bankar av grén 
sten. Den understa bestar av grénstenar fran finkorniga typer till horn 
blandeporfyriter och grénstensagglomerat. 

Undersékningen ger vid handen, att den samlade grénstenslagerf6lj- 
den i sektionens undre del ar éver 300 m maktig. C:a 300 m uppat 
lagerserien racker sedan vixellagringen mellan grénstensbankar och 
de kalkrika sedimenten. Grénstensbankarna bli uppat alltmer spora- 
diska. Det antyder, att den vulkaniska verksamheten sa smaningom 
mattats av samt aigt rum inom ett submarint avlagringsomrade, dir 
sedimentationen var ratt kalkrik. Den 6versta avdelningen under kon- 
glomeratet ar c:a 150 m maktig samt mindre vil blottad 1 sina évre delar. 
Inom de kalkrika skikten ha kalkstenslinserna i flera fall former, som 
lata formoda, att det rér sig om metamorfa, ratt omkristalliserade fossil, 
antagligen foretridesvis kolonier av tabulater. 

Vid jimforelse mellan sektionens stratigrafi och densamma inom 
centrala Vasterbottensfjillen motsvara lerskiffrarna ovan konglomeratet 
narmast de s. k. brokenskiffrarna, konglomeratet med kvartsit- och 
gronstensbollar ekvivalerar vojtjakonglomeratet, som visserligen 1 
allminhet ar ett monomikt kvartsitkonglomerat men som i det syd- 
ligare omradet nagon gang kan fora ven grénstensbollar, exempelvis 
i trakten av Ronnbicksjén (9, sid. 209). ! 

Den kalkrika, miktiga bergartsféljden i konglomeratets liggande ater 
motsvarar i lage den s. k. Gilliksserien, som har en viixlande samman- 
sittning, i allminhet med évervigande klastisk karaktir. Fran samma_ 
trakt, dir inom centrala Vasterbottensfjallen gronstensbollar deltogo 
i vojtjakonglomeratets uppbyggande, inga dock helt évervagande | 
ler- och miargelskiffrar i gilliksbergarterna. Mesketgronstenarna mot- 
svara de likabenimnda basiska effusiven inom det sydligare omradet, 


dar den ytvulkaniska karaktiren hos grénstenarna ar bevarad 1 vissa 
omraden. 


En olikhet med de sydligare trakternas lagerféljd bér slutligen om- 
nimnas. Mesket-Gabbi-omradet saknar den kalkstensserie, som inom 
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entrala Vasterbottensfjillen vanligen, ehuru ej alltid, dverlagrar vojtja- 
conglomeratet. | 

Den andra uppmitta sektionen, sektion B pa kartan, fran omradet 
jordést om Overuman ligger c:a 6 km V om Gabbitoppen, i vastslutt- 
ungen pa den héjdrygg, som fran Mesket-Gabbi-massivet gar mot SV. 
sektionen ar delvis uppmatt lings en mindre bick. Den aterfinnes 
fig. 3. 

Sektionen har, som synes, fyra olika konglomeratnivaer. De tvenne 
wversta torde tillsammans motsvara Vojtjaserien. Glimmerskiffer- 
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Kyartsit- Kyvartsitkonglo- Polymikt Kvartsfyllitisk Glimmer- 


onglomerat merat med konglomerat glimmerskiffer skiffer 
nagot grén- 
stensbollar 


Fig. 3. Sektion fran fjallsluttning c:a 6 km V om Gabbi. Kartsektion B 4 fig. 1. 


ergarterna ovan dversta konglomeratet ha upprepade granatforande 
ed. Granathornblindeglimmerskiffrar ha noterats i understa delen av 
len vistligaste avdelningen a figuren samt mérkegra lerglimmerskiffrar 
tt stycke ovan d6versta konglomeratet. Detta ar ett pressat kvartsit- 
<onglomerat. Under konglomeratet kommer gra, finkornig granat- 
yhimmerskiffer och sa ater kvartsitkonglomerat. Detta senare har 
lock till skillnad fran det 6vre enstaka bollar av gronsten. De bada 
songlomeraten jimte mellanlagrande led ha c:a 40 m:s maktighet. 

Den éver 100 m miktiga serie av harda, gra kvartsfyllitiska glimmer- 
skiffrar, som félja, ha i sin évre del linsformiga partier av granathorn- 
olandebergarter. Niasta led ar ater ett konglomerat. Det ar c:a 10 m 
niktigt samt innehaller ett flertal olika bolltyper. Men da bollarna aro 
_ glimmerskifferstadiet samt blivit genomgdende starkt pressade, ha 
pollarnas primara karaktar ej nirmare faststillts. Inga bolltyper av 
sikra eruptivbergarter noterades emellertid. 

Det understa konglomeratet ar aven polymikt. Vanligaste bolltypen 
ir kvartsit. I de mjuka glimmerskiffrar och grova granatforande glim- 
merskiffrar, som bilda sektionens éstligaste del, ha glidningar inom 
ch sammanskrynklingar av bergarterna gt rum i en utstrackning, 
som kom mig att avbryta mitningarna. Tat dimma hindrade sedan 
planerad komplettering av matningarna ned till mesketgronstenarna 
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i 0, vilka enligt Backtunp-Quensets karta skola komma efter en 
kort stricka. 

Vid jimférelse mellan de bada sektionerna faller den olika utbild 
ningen hos sedimenten under Vojtjaserien i dgonen. Det ar nagoi 
anmiirkningsvirt, di avstandet mellan sektionerna endast ar c:a 7 km, 
Emedan i sektion A de karbonatrika serierna ej aterfunnits i sektion B, 
men de genom sin vixellagring med gronstenar visat sig vara ritt nara 
anknutna till liggandets samlade gronstenseffusiv, torde férhallandet 
vara det, att de kalkrika serierna aterfinnas i den éstra fortsittningen 
pa sektion B samt att de kvartsfyllitiska glimmerskiffrarna och de undre, 
polymikta konglomeraten, som tillsammans representera en klastisk 
serie, tunnat ut mot O till NO. 

Bergartsféljden under Vojtjaserien i den vastra sektionen motsvara 
den klastiska faciesutvecklingen av Gilliksserien inom centrala delen 
av Vasterbottensfjallen, dar enligt min tidigare utredning kvartsite 
och konglomeratbergarter i stor utstrickning karakterisera leden mellan 
Vojtjaserien och Mesketserien. 


Sédra Storfjallet. I sim avhandling 6ver Séddra Stor 
fjallet uppstaller Beskow foljande stratigrafi for omradet: 

Mesketformationen, uppbyggd huvudsakligen av grénstenseffusiv 
Keratofyriska effusivbergarter liksom ‘ven sedimentiira led finnas” 
mellan gronstensbiddarna. Pa griinsen mot fdljande avdelning pa-_ 
traiffas ofta en karbonatbetonad serie med kalksten och kalkcementerat 
agglomerat. 

Kvartsitkonglomerat, som formodas motsvara vojtjakonglomeratet 
inom centrala Visterbottensfjallen. 

Den ovre kvartsitskifferformationen med konglomeratnivaer. 

Konglomerat med grénstens- och kvartsitbollar; ar ej alltid utbildat. 

Gronstenslavabadd; saknas ibland. 

Kalksten; en uthallig horisont. 

Den undre kvartsitformationen. Under denna kommer enligt Beskow 
en granitintrusion, sa att kvartsitformationens liggande ej skulle vara 
kant. 

Denna BEskows stratigrafi gar ej att aterfinna nagonstans inom éy- 
riga delar av Vasterbottensfjallen. Och den synes ej heller vara fér 
handen mer &n inom en begransad del av Sédra Storfjallet. Det framgar 
bl. a. av Beskows karta éver Sédra Storfjillets berggrund. Denna 
karta kommer jag i det foljande att ofta hanvisa till och forutsitta som 
bekant. ‘ 

A Brsxows karta uppdelas Mesketformationens basiska vulkanpro- 
dukter i kloritskiffermetamorfa och amfibolitmetamorfa serier. A 
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BACKLUND-QUENSELS Visterbottenskarta ha de kloritskiffermetamorfa 
sronstensderivaten i Sédra Storfjillet raknats till Lastarfjalls-Jarv- 
jallsgrénstenarna, medan de amfibolitmetamorfa hinférts till Mesket- 
ypen. Som i det foregaende omniimnts, anser BacktuND de bada grén- 
tensserierna stringt aldersskilda. Han tar alltsd avstand fran Burs- 
cows indelning. Men a Brskows karta liksom senare 4 berggrunds- 
cartan Over Vasterbottensfjillen ga de olika grénstensserierna i kon- 
akt med varandra och i en del fall utgdra de varandras fortsiittning. 
dur detta kan forenas med pavisbar string aldersskillnad mellan dem, 
orde vara svart att férklara, i all synnerhet nir de amfibolitmetamorfa 
inforts till den effusiva grénstensserien. 

Vad betriffar Beskows »dvre» och yundre» kvartsitformationer fram- 
castade jag 1933 i min forut nimnda avhandling en formodan om att 
nan kanske kunde siitta likhetstecken mellan dem samt anse dem med 
nellanliggande ihallande kalkstensstrak representera ett synklinalparti, 
om blivit 6verveckat mot SO. Aven framhdlls, att ett flertal olikheter 
6refanns mellan BEskows stratigrafi och den, som hirskade inom till 
s6dra Storfjillet grinsande omraden. 

I det foljande framliggas de omstiandigheter, som foranledde mig att 
elt franga Beskows stratigrafi samt uppstilla en ny, som gar att kon- 
ektera med centrala Vasterbottensfjillens. I denna nya stratigrafi 
epresenterar, som jag tidigare antagit, den »dvre» och den »undrey 
‘vartsitformationen en och samma serie. Det kalkstensstrak, som a 
sESKOws karta loper mellan de bada kvartsitformationerna, raknas av 
nig till Slatdalsserien. Och kvartsitkonglomeratet, som gar 1 kontakt 
aed kalkstenen, hinfores till Vojtjaserien. BEskows vojtjakonglomerat 
ter motsvarar dels en konglomerathorisont inom Gilliksserien, dels ar 
et ett verkligt vojtjakonglomerat. BrsKkows undre groénstenseffusiv 
lyttas upp ovan mesketgroénstenarna. Dessutom urskiljes en serie in- 
rusiva, gabbroida grénstenar, som aro avsevirt yngre in de tvenne 
ffusiva gronstensserierna. 

I de olikartade bildningar, som BrsKxow hinfort till Mesketseriens 
ulkaniska tuffserier patraffas i stort utstrackning rent sedimentira led 
isom miirgelskiffrar, kvartsiter och konglomerat, vilka i viss utstrack- 
ing torde vara i grénstensserien nedveckade, yngre bergartsled. 

Vid beskrivningen av de nya undersdkningsresultaten behandlas 
rakten N om sjén Ropen forst. I detta omrade finnes den 
svrey och »undre» kvartsitformationen liksom det ihallande kalkstens- 
raket mellan dem vial utbildade. 

Besxow har N om kalkstensstraket och i kontakt med detsamma 
els en gronstensbidd, dels en konglomerathorisont. A hans karta 
i; de bada bergarterna ingenstides i kontakt med varandra utan 
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forekomma endast i varandras strykningsriktning. Enligt Beskow 
ir grénstenens stratigrafiska plats mellan kalkstenen och konglomeratet, 
Han synes hiirvid stédja sig pa tvenne omstandigheter; dels kommer de 
in grénstensbollar i konglomeratet, vilket enligt hans uppfattning skull 
inga som led i en rittviind och ej inverterad lagerféljd, stupande at N 
dels tolkar han en kalkhaltig horisont pa grinsen mellan kalkstenen oel 
konglomeratet inom ett omrade, dir ingen grénsten finnes utbilde d 
sisom vulkanisk tuff, horande genetiskt samman med grénstenslavan 
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Fig. 4. Sektion fran omradet SV om Mortotjakko langs back O om Rajastjakko. 


I den bickskarning O om Rajastjakko, varifran Beskow omnimnt 
sin enda lokal for sadan vulkanisk tuff, har jag studerat sjilva kontakt 
zonen mellan kalkstenen och konglomeratet men ej sett till nagor 
bergart, som skulle kunna tydas som vulkanprodukt. Vad den andra 
omstiindigheten betriffar, att lagerserien N om kalkstenshorisonten 
skulle vara rattvind, delar jag ej} Brskows uppfattning. Utan jag vill 
géra gillande, att lagerféljden i stillet ar inverterad fran kalkstenshori 
sonten norrut till och med sédra delen avy mesketamfibolitomradet i 
Mortotjakkofjallet. Utgaende fran denna uppfattning bér konglomera- 
tet, som fér grénstensbollar av grénstenshorisontens sammansattning, 
ligga mellan grénstenen och kalkstensnivan. Detta ir fallet 4 en lokal 
V om den av BEskow omnimnda. De omstindigheter, som komma 
mig att anse lagerféljden for inverterad, torde framga narmare i det 
foljande. 

I den ovan omtalade biacken 0 om Rajastjakko ar berggrunden ratt 
val blottad fran kalkstenshorisonten mot N. Sektionen i fig. 4 ar matt 
har. . 

Den sydligaste horisonten i sektionen utgéres av biotitkvartsfyllit 
med en niva av konkretionsliknande eller kértelartade kiirvhornblande- 
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ig. 5. Karvhornblenderika linser eller kértlar i biotitkvartsfyllitisk bergartsserie. 
aickskirning O om Rajastjakko. Inom den sydligaste horisonten av sektionen, fig. 4. 


ika bildningar. Som synes 4 fig. 5, forekomma kortlarna ganska ore- 
elbundet som rundade till elliptiska linser. Deras begrainsning mot 
idostenen ar ej fullt skarp, och hornblandenalarna visa en tendens mot 
oncentrisk anordning. Sadana och likartade bildningar ha triffats 
ven annorstiides inom Sédra Storfjallet och Mesket-Gabbi-omradet. 
‘a grund av de flytande granserna mot sidostenen kunna de ej represen- 
era konglomeratbollar av amfibolitisk grénsten, utan de synas ha fatt 
in nuvarande utbildning i samband med omgivande sedimentbergarts 
1etamorfos. Inom de laigre metamorfa centrala delarna av Vasterbot- 
ensfjallen, dir sedimenten ej natt upp i biotit-kirvhornblandestadiet, 
ynas de saknas. Inom Sédra Storfjallet finnas aven hir och var inom 
sdimenten konforma kirvhornblanderika, smala nivaer, som till sam- 
1ansittning dro kirvhornblindekértlarna mycket analoga. Aven ha 
essa nivaer oskarpa kontakter mot sidostenen. De torde dirfér ej re- 
resentera lagerintrusioner utan utgdra genom metamorfosen bildade 
araamfiboliter. Jag riknar aven de ovan niémnda kértlarna som 
idana paraamfiboliter. Fig. 6 visar ett par sidana kértlar, dels med 
skarp begransning, dels med ritt distinkt grans mot sidostenen. Ibland 
ynas sm& kvartsidror lépa genom kértlarna eller utmed karvhorn- 
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Fig. 6. Karvhornblenderika kértlar fran biotitkvartsfyllitserien. A férskriver sig fran 
lokalen a fig. 5. Grinsen mellan kérteln och sidostenen ar ratt skarp. B ar tagen fran 
motsvarande serie langre vasterut, vid Durjenjokk. Gransen ar har flytande. Sidostenen | 

air i bada bergartsstyckena till héger. 


blandeskikten, och det forefaller, som om dessa skulle ha ett visst gene- 
tiskt forband med samt befordra omkristalliseringen till paraamfiboliter 


hos de partier, som pa grund av sin sammansittning ha forutsattningar 
harfor. 
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Pig. 7. Slaitdalskalk med ovanliggande vojtjakonglomerat i baickskirning 6 om 
Rajastjakko. Se sektionen, fig. 4. Mannen haller handen vid kontakten mellan de 
bada serierna. Bergartsserien anses inverterad. 


Niasta avdelning i sektionen utgéres av gra karvfyllit till grov kalk- 
fyllit c:a 18 m miaktig. Den féljes av den forut omtalade kalkstensserien, 
30m fir marmoriserad med titt liggande, tunna, vita marmorbankar, 
mellanlagrade av svartgra, oren marmor. Mer mirgliga nivder finnas — 
iven inom serien. I de morka bankarna patriffades fossil. Nagorlunda 
bevarade voro endast stjilkleder av pelmatozoer. Kalkstensseriens 
maktighet uppskattas till c:a 20 m. 

Ovan kalkstensserien kommer ett typiskt vojtjakonglomerat. Kon- 
faktzonen mellan kalkstensserien och konglomeratet synes a fig. 7. 
Det var hair, som Beskow antagit en horisont av grénstenstuff. Kon- 
slomeratet ar ett monomikt kvartsitkonglomerat med ungefaér samma 
lags bolltyper, som jag beskrivit fran typlokalen vid Vojtjajaure (9, 
sid. 277). Sedan foljer en mindre val blottad bergartsserie, forst biotit- 
‘yllit, som gar i kontakt med konglomeratet, sedan félja mérkgra 
yllitskiffrar. Lingre mot N kommer gra biotitfyllit och biotitkvartsit 
ned ritt spridda konglomeratbollar av amfibolit. A fig. 4 betecknas 
ivdelningen som konglomerat. Den féljande avdelningen utgores av 
mérkgra glimmerfylliter. Skiktningen ar har flerstides ratt tydlig. 
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Fig. 8. Polymikt konglomerat fran bickskarning O om Rajastjakko. Fran nordligaste 
delen av sektionen, fig. 4. 


Maktigheten uppgar till c:a 60 m. Den féljande skifferserien kan karak- 
teriseras som morkegra till svartgra fylltlerskiffrar och biotitfylliter; 
maktighet c:a 70 m. Polymikt konglomerat kommer som niista led. 
Konglomeratet ar ratt finbolligt, kalklinsigt samt fossilférande. Fossilen 
sitta 1 kalklinserna samt aro omkristalliserade och ofta ratt pressade. 
Det ser ut att ha varit foretridesvis koraller, bl. a. tabulater. Men 
nagra bestiimbara prov ha ej erhallits, om man bortser fran stjalkleder 
av pelmatozoer. Bollmaterialet utgéres av huvudsakligen sandstenar 
och skiffrar, bl. a. noterades svarta skifferframgent med svart streck, 
ev. alunskiffer. Detta konglomerat skulle nirmast kunna jamféras med 
polymikta gillikskonglomerat fran centrala delen av Vasterbottens- 
fjallen, men jag har ej patriffat de kvartsalbitgranit- och kvartsalbit- 
porfyrbollar, som i det senare omradet utgjorde en ej obetydlig kompo- 
nent i konglomeratet. En typisk bild av det polymikta konglomeratet 
finnes a fig. 8. Maktigheten uppskattas till 1O—15 m. Det dversta 
ledet i sektionen ar en svartgra, grov skiffer med kalklinser. 

N om den riatt vil blottade sektionen aro mina observationer ej sa 
rikliga. Stupningsférhallandena aro dirjamte nagot mer varierande an 
inom sektionen. Uppskattningsvis anslar jag den fdljande sediment- 
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Fig. 9. Kontaktzonen mellan polymikt konglomerat, upptill, och kalkstensserien, ned- 

ill, vid Durjenjokk, N om Ropens V del. Kalkstensserien bildar en tektonisk diskordans 

mot det ovanliggande konglomeratet, vars konglomeratstruktur ej framtrader 4 bilden. 
Se narmare férklaring i texten. 


seriens maktighet fram till det primiira liggandets mesketeruptiv till 
150 a 500 m. Inom sedimentserien dominera mérkgra biotitkvarts- 
ylliter med nivaer av gra glimmerfylliter och kalkfylliter. En horisont 
uv polymikt konglomerat, liggande ungefar mitt 1 sedimentserien N om 
sektionen, har aven noterats. Den understa avdelningen 1 sediment~- 
serien utgoéres av kalkhaltig biotitkvartsfylit, som alltsa vilar direkt a 
mesketgronstenarna. 

Hela sedimentserien mellan vojtjakonglomeratet och mesketgrén- 
tenarna blir enligt ovan ungefir 650—700 m miktig, forsavitt ej lokala 
slidningar och sammanskjutningar i den mindre val blottade undre delen 
w lagerserien Agt rum. Serien mellan vojtjakonglomeratet och mesket- 
sronstenarna motsvarar, vad jag inom centrala delen av Vasterbottens- 
jallens berggrund sammanfért under beteckningen Gulliksserien. 

Jamfér man nu den ovan skildrade lagerféljden N om Ropen med den, 
om foérut beskrivits fran sektionen 6 km V om Gabbitoppen, falla de 
tora likheterna i égonen. Inom bada omradena komma under vojtja- 
conglomeraten miktiga serier av skiffrar och kvartsitbergarter med ett 
yar mer markerade polymikta konglomerathorisonter. 
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Fig. 10. Veck i kalkstensserien vid Durjenjokk. De ljusa linserna aro ren kalksten, som 
ar omgiven av morkfargade kalkfylliter. 


Foljes kalkhorisonten fran den ovan beskrivna sektionen N om Ropen 
mot V, sa kan stratigrafien snart kompletteras med tvenne nya avdel- 
ningar, dels en grénstenshorisont, som kommer N om kalkstenen, 
dels ett daligt utbildat grénstenskonglomerat pa grinsen mellan grén- 
stenen och kalkstenen. Kvarsitkonglomeratet har kilat ut. 

C:a 21/, km V om sektionen har grénstenskonglomeratet dvergatt 
till ett polymikt sadant med bollar av grénsten samt olika slags sedi- 
mentbollar. De senare kunna nu i sin metamorfa drakt karak- 
teriseras som kvartsglimmerfylliter och kvartsiter. 

Kontakten mellan det polymikta konglomeratet och kalkstenshori- 
sonten ar blottad i Durjenjokk, som rinner ut i Ropens nordvastra del. 
Den ifragavarande lokalen ligger nagot mindre an en km N om sjon. 
I sjalva kontaktzonen aro bergarternas strukturférhallanden nagot 
anmarkningsvarda, se fig. 9. Kontakten gar ungefir vid mellersta delen 
av den som skala anvinda hammaren. Konglomeratet intager évre 
delen av hallavsatsen, men konglomeratstrukturen synes e] a bilden. 
Vid hammaren och nedanfér ar kalkstensserien utbildad som margel- 
skiffer med smala kalkstensskikt. Vid férsta paseende ser det ut, som 
om den 6évre lagerserien lage med vinkeldiskordans & den undre. En 
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Fig. 11. Amfibolit, till vanster om hammaren, omgiven av kalksten. Vid Durjenjokk. 
De ljusa linserna och lagren representera ren kalksten i den eljest kalkfyllitiska 
karbonatserien. 


nairmare undersdkning synes dock ge vid handen, att det ar fraga om en 
tektonisk diskordans. Den vackra, linsformiga strukturen 1 kalkstens- 
serien a bildens nedre del har blivit snedstalld pa sa satt, att de olika 
limserna nu ej ligga i rad efter varandra utan ha till en viss utstrack- 
ning glidit stjart om stjirt. Det kommer till synes till vainster 4 bilden. 
Det ir i samband med denna tektoniska deformation av linsstrukturen, 
som diskordansstrukturen torde ha kommit till utbildning. 

Mellan konglomeratet och den diskordantdeformerade kalkserien 
kommer en bank, som ar konform med konglomeratet men som till sin 
habitus och sammansittning ar identisk med den nedanfér kommande 
kalkserien. A bilden star hammaren pa bankens mitt. 

Ett kort stycke mot V fran den ovan namnda lokalen vid Durjen- 
jokk bdjer kalkstensserien tvirt upp. Som synes 4 fig. 10, framtraida 
kalkstensbankarna och kalkstenslinserna vackert som gravita partier 1 
den eljest mérkfirgade, mer kalkfyllitartade bergarten. Vecket ar en 
famligen lokal uppbuckling av lagerserien. Mot V till SV fortsatter 
sedan kalkstensserien, som BusKows karta visar, till V om sjén Rikker. 
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Trots att metamorfosen inom kalkstensserien ar taimligen hég, hat 
aven vid Durjenjokk fossil patraffats, foretridesvis i de morkare kalk 
stenarna, som ha en viss kolhalt. Bland fossilen ar det dels tydliga stjalk 
leder av pelmatozoer, dels stérre, helt omkristalliserade fossil, som torde 
ha varit korallkolonier. 

A fossillokalen i Durjenjokk finns det inne i kalkstensserien en amfi- 
bolitlins, se fig. 11. Amfiboliten ar tamligen grovkornig och skir ay 
den linsstruktur, som aven hir finnes i kalkserien. Till héger om amfi 
boliten synes den avskurna linsen, och till hoger om denna lins kommer 
nista. Man torde av det ovan sagda fa dra den slutsatsen, att amfiboli 
ten representerar en eruptivging, som slar igenom kalkstensserien 
Amfiboliten ir av en helt annan typ an de grénstenar, som uppbygga 
Mesketserien eller upptrida i vojtjakonglomeratets liggande. Da kalk 
stensserien Ar av slitdalskalkens Alder, silurisk alltsa, blir den grove 
amfiboliten representant for siluriska, basiska intrusiv. De lkartade. 
grovre amfiboliter, som har och var patriffas inom fjallomradet pa olike 
nivaer, torde dirfor raknas till yngre intrusiv, iven om de ibland fére 
komma inom mesketgrénstenarnas utbredningsomraden. Nar rérelse 
metamorfosen blivit intensiv, sa att de basiska eruptiven blivit kraftigt 
forskiffrade, torde det vara svart att skilja mesketeffusiven fran de 
senare grénstensintrusionerna. Detta ar siarskilt fallet inom Sédra 
Storfjallets norra delar. 

Vad betriffar de basiska eruptivbergarternas aldersférhallanden inom 
Sédra Storfjallet har min férestaende utredning visat, att det finnes 
tre olikaldriga serier: Mesketeffusiven, som aro aldst men som ej kunnat 
direkt dateras genom fossilfynd; effusiven inom Gilliksseriens dversta 
del, vilkas alder genom fossilfynd bade i hangandets och liggandets berg 
artsserier kunnat faststillas inom vissa grinser; samt slutligen de yngre 
intrusiven av silurisk alder. De bada presiluriska effusivserierna kunna 
med stor sannolikhet anses som ordoviciska. Detta torde framga genom 
min tidigare utredning fran centrala delen av Vasterbottensfjallen och 
de korrelationer, jag dir framstallt. Ytterligare stéd for deras ordovi- 
ciska alder ha funnits i allmainna karaktiren av de fossilfragment, som 
observerats inom de tvenne skildrade undersékningsomradena, samt i 
deras redovisade stratigrafiska forband med effusiven. 

Ratt ofta mdter man den Asikten, att grénstenarna inom fijallkedje- 
zonen antingen aro av senkaledonisk alder eller hora till fjallkedjesedi- 
mentens blottade underlag. Tidigare har svaret pa en sidan kritik mast 
bli ganska utforlig med hinvisning till regionalgeologiska forhallanden 
och omstindigheter. Med stéd av den ovanstaende utredningen ar det 
nu lattare att beméta avvikande standpunkter genom att hanvisa till 
att groénstensintrusiv blivit pavisade direkt inom fossilférande niva 
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imt att grénstenslavahorisont kunnat inramas av yngre och aldre 
ssilforande sediment. 

For att aterga till omradet N om Ropen, sa ha férhallandena N om 
alkstensstraket berérts men ej S om detsamma. Har omradet kring: 
alkstenen synklinal struktur, bér symmetri rida pa bada sidorna av 
alkstenen. Sa iir forhallandet i stort. Samma slags biotitkvartsiter och 
iotitfylliter finnes N som S$ om kalkhorisonten, men vissa karakteris- 
ska horisonter som de polymikta konglomeraten iro ej observerade 
om kalkstraket. Beskow har ej heller sett till nagra. Nu air det dock 
i, att de polymikta konglomeraten N om kalkstraket tunna ut mot 0. 
ag haller for troligt, att de géra det aven mot 8. 

Sommaren 1937 utférde T. Du Rrerz en del geologiska undersék- 
ingar inom Visterbottensfjillen dirav fiven inom Sédra Storfjallet. 
fan har meddelat mig en del vardefulla observationer sarskilt fran 
‘akten N och V om Ropen, vilka beréra stratigrafien N och S om kalk- 
ensstraket, samt sammanstillt en preliminir kartbild éver Sédra Stor- 
allet, som jag fatt taga del av. Den déstligaste observationen forskriver 
g fran trakten V om Skidtrisket. O om kalkstenen, som hiir stryker i 
—S, kommer férst hard, ljus kvartsit, formodligen vojtjakvartsit. 
vartsiten ar ganska mylonitiserad. Sedan folja mork biotitkvartsit 
ied amfibolitiska kértlar, mérk boititfyllit, gravackeartad sediment- 
reccia, som nedat utan grins évergar 1 porfyritisk gronsten, ny horisont 
v polymikt konglomerat med underliggande porfyritisk gronsten, mork 
iotitkvartsit med amfibolitiska kértlar, sa mérka kvartsiter och fylli- 
x med amfibolitinlagringar, antagligen intrusioner. V om kalkstenen 
ommer gravackeartat konglomerat, foljt av slaggig gronsten, gravacke- 
tad fyllit, amfibolit, mérk fyllit, fyllitglimmerskiffer och mork kvartsit, 
olymikt konglomerat, jimte ytterligare ett antal nivaer. Fran omradet 
om Ropen c:a 21/. km V om Rikkersjon har Du Rrerz i det 6st— 
istligt strykande lagerkomplexet bade N och S om ett mycket smalt 
alkstensstrak pavisat vojtjakonglomerat och polymikt konglomerat 
mt biotitmetamorfa mérka kvartsiter och fylliter. 

Det framgar av dessa observationer, jimférda med mina egna, att 
>t vial finnes en viss symmetri pa bada sidorna om kalkstensstraket: 
en att spegelbildsstratigrafi pa bada sidorna om detsamma 4r siill- 
t. Den bristande symmetrien pa de flesta lokaler torde helt sikert 
sin orsak i den intensiva sammanveckningen av lagerserien, hos 
ken utvalsade horisonter och tektoniserade zoner bira spar harom, 


Inom Sédra Storfjallets mellersta del.finnes @ 
CKLUND—QuENSELs Vasterbottenskarta kartans stérsta mesketgron- 
nsomrade. A Beskows karta motsvaras det av basiska effusiv och. 
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tuffer i amfibolitfacies. I sjilva verket finnes i detta omrade betydand 
forekomster av rena sediment. Det visar bade Du Rierz’ och mina un 
dersdkningar. Exempelvis finnes i Mortotjakkos nordvistra del kvart 
sit av vojtjakvartsitens typ, mot 8 avlést av kalkrik skiffer, mot } 
féljd av groénsten med agglomerat-konglomerathorisonter, sedan groy; 
kvartsiter av gillikskvartsitens typ och sa ater grénsten. Den delgivr 
detaljen torde bilda del av den mot S—SO éverstjalpta synklinal, sor 
det nimnda »grénstensomradets» mellersta del sikerligen bildar. Lan 
nordvistranden av det ovannimnda grénstensfiltet 4 Beskows ka: 
finnes ett ihallande konglomeratstrak, som Beskow hanfért till vojt 
konglomeratet. Pa ett par lokaler finnes kalksten intecknad 4 kart 
mellan konglomeratet och grénstenen—tuffen. Den norra av dei 
lokaler har jag besékt samt uppmitt foljande sektion i val blottad brs 
sluttning. I SO kom nederst i branten gra, mjuk fyllit. Ovan den félj 
en smal horisont av grénstensférande konglomerat, som éverlag uC 
av vojtjakvartsit med kvartsitkonglomerathorisonter. Maktigheten 
Vojtjaserien air betydande. Hnligt en nagot osiker maitning uppskatt 
des den till c:a 77 m. Kalkstenen ovan mot NV var blottad till | 
16 m:s maktighet. Omradet nirmast mot NV var sedan utan observer 
de hillbrottningar. Denna sektion ar, som synes, mycket analog me 
de sektioner, som uppmatts N om Ropen, men avviker fran de tidigare 
uppgifterna om omradets stratigrafi. 


- Inom Sédra Storfjallets norra del ha en del observa 
tioner aven gjorts. Det var ett 6nskemal att séka utréna, hur olivine 
stenarna har forhdlle sig till omgivande bergarter och sarskilt till grém 
stenar av Mesketserien. 

Enligt BEskow upptrida olivinstenarna i strak, atfoljda av gron 
stenar och graniter. Grénstenarna ansagos effusiva, medan icke blot 
graniterna utan aven olivinstenarna hinférdes till kaledoniska intrusi 
som trangt in i ett redan isoklinalveckat bergartskomplex. BrEsKOY 
formodar, att olivinstenarna intruderats i kontakt mellan mesketgrén 
stenarna och den »évrey kvartsitformationen. Men hans karta och tex 
ge ej nagra belige hirfér. 
- Enligt undersdkningarna inom centrala delen av Vasterbottensfjalle 
ha olivinstenarna triingt upp under ett langt tidigare skede in sor 
Buskow formodat, t. o. m. fére mesketgrénstenarna. I stillet att sot 
Brskow anse lagerpacken isoklinalveckad fére olivinstensintrusione 
anser jag, att olivinstenarna veckats tillsammans med omgivande ber 
arter och att, dar olivinstenarna nu titta fram, vi ha kirnzoner av ant 
klinaler, dir de aldre bergarterna kommit till synes. Pa grund av si 
stora sammanhallning, sin seghet, samt genom sin egenskap att vid met 
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ig. 12. Atoklintens olivinstensrygg, sedd fran NV. Sédra Storfjallets nordvastra del. 


norfos utbilda sarskilt talk och serpentin, som tjanstgéra som glid- 
ch smérjlager, ha olivinstenarna en utomordentlig formaga att upp- 
rada som tektoniska enheter med stor rérelseformaga. Ursprungligen 
ammanhangande, kanske flackt kakformiga olivinstenskroppar torde 
id sammanveckning i en omgivning ay andra bergarter efterhand 
a Overgatt i en serie linser, som i antiklinalzoner glidit upp ur sitt ur- 
prungliga forband samt, da de genom denudationen preparerats fram 
dagytan, synas upptrida som parlbandslikt ordnade kupper. 

Nu visa undersékningarna inom norra delen av Sddra Storfjallet, dar 
livinstenarna foéretridesvis upptriida, att hela berggrunden blivit sa 
ntensivt sammanveckad, att man nistan 6verallt kan vanta sig mer 
ller mindre utvalsade, ibland Aven helt bortférda bergartsserier. Sar- 
kilt kring olivinstenarna, framforallt i olivinstensstrakens mellersta 
el, antyda undersékningarna, att forhallandena aro sadana. 

En vad betraffar olivinstenarnas position inom stratigrafien ratt upp- 
ysande sektion har uppmatts fran némnda trakts vastra del, fran 
jalltoppen Atoklinten mot SO. Atoklintens olivinsten héjer sig som en 
narkerad rygg dver den omgivande fijallslitten, se fig. 12. Dess norra 
lel ar Gverallt tillginglig, medan dess sydsida utgéres av en brant 
ergviigg, som endast pa enstaka punkter kan bestigas. Inom olivinste- 
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nen ger sig den intensiva tektoniseringen av bergarten 6verallt tillkanna 


Fig. 13 visar den uppmitta sektionen. . 

Den gra, harda kvartsiten i sektionens mitt representerar Vojtja- 
serien. I kvartsitens strykningsriktning mot SV och NO kommer kalk- 
sten, representerande Slitdalsserien. Vid Autjejaure i NO har jag pa 
triffat samma slags fossil i denna kalksten som i den N om Ropen. 


© * * * 
Lerskiffrarna $0 om vojtjakvartsiten i sektionen representera vid fort- 


satt jimforelse med stratigrafien inom centrala delen av Viasterbottens- 
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so se Ljus, hard kvartsit ra Olivinsten. 


Fig. 13. Sektion fran Atoklinten mot SO. Sédra Storfjillets nordvastra del. 


fjallen Brokenserien. Och kalkfylliterna och de gra-gréngra fylliterns 
iSO bora hinféras till Lovfjallsserien. Omradet SO om vojtjakvartsiten 
representerar en synklinal med centrum av lévfjillsfylliter, medan om- 
radet 1 NV fram éver Atoklinten utgér den féljande antiklinalen. Grén 
stenarna i omradet mellan vojtjakvartsiten och olivinstenen ha inga 
observerade primara strukturdrag, med stéd av vilka jag kan avgora, 
om det ror sig om mesketgrénstenar eller om intrusiva grénstenar. Den 
i kontakt med den 6vre grénstensavdelningen patraffade, forskiffrade 
graniten blir SV om sektionen bredare och nistan helt massformig. 
Dv Rrerz har undersdkt bergarten nirmare samt betecknar den som 
en porfyrisk, mikroklinférande leucotrondhjemit. : 

Foéljes den sammanveckade bergartsserien mot NO, i stryknings- 
riktningen alltsa, kommer olivinstenen igen NV till N om Autjejaure. 
De bada strak, i vilka olivinstenen hir kan uppdelas, representera enligt 
min tolkning tvenne antiklinalzoner. I de sektioner, som jag uppmitt 
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har, har det endast i enstaka fall gatt att fa fram stratigrafiska ledhori- 
sonter. Utan att ga niirmare in pa de insamlade miatningsresultaten i 
ovrigt kan det kanske béra omnimnas, att typiska gilikskonglomerat 
och gillikskvartsiter patraffats i omradet samt att mikroskopisk gransk- 
ning givit vid handen, att gillikskonglomeratet fér bollar av kvartsalbit- 
graniter av den typ, som beskrivits fran motsvarande bildningar inom 
centrala Viisterbottensfjillen. 


Som nimnts, riknar man med att Mesketserien rymmer ej blott 
basiska utan aven intermediira och sura effusivbergarter. De senare 
anses ha en mycket begrinsad utbredning. Brsxow har beskrivit sa- 
dana sura effusiv fran Sédra Storfjillet, och jag har ansett det mdjligt, 
att vissa finkorniga kvartskeratofyrer fran de sydligare beligna Are- 
och Vardofjillen kunna hora till serien ifraga. De sura granit- och por- 
fyrkorniga intrusiven inom de sistnimnda fjallmassiven ha iven hin- 
forts till mesketvulkanismen och rubricerats som ytliga lagerintrusioner. 
Granitbergarterna voro genomgaende bundna till den stratigrafiska 
lagerpackens undre del, i allminhet till mesketgrénstenarnas utbred- 
ningsomraden. Nagra bindande bevis ha dock ej limnats for deras 
aldersstillning. 

Vid en varen 1935 foretagen granskning ay insamlade prov av sura 
eruptivbergarter fran Frostviksomradet inom nordligaste Jamtland kom 
jag att nagot syssla med deras aldersforhallanden. Bergarterna hade 
av Du Retz formodats delvis representera sura effusiv och tuffer av 
kvartskeratofyrisk sammansittning (5). Men vid min granskning kunde 
faststiillas, att de voro av precis samma karaktir som de sikert intru- 
siva »kvartsalbitporfyrernay inom Are- och Vardofjillen. Frostvikens 
intrusiva kvartskeratofyrer, kvartsalbitporfyrer och leucotrondhjemi- 
tiska graniter, som lago ratt hégt upp i lagerpacken, ovan Vojtjaserien, 
voro alltsa av silurisk Alder. Vid fornyad granskning av Frostvikens 
berggrund har Du Rierz accepterat samt ansett sig kunna fastsla 
keratofyrbergarternas intrusiva karaktar samt siluriska alder (7). Ett 
fortsatt hiinférande av Arefjallets och Vardofjallens liksom Sdédra Stor- 
fjallets sura intrusivbergarter till mesketvulkanismen torde efter det, 
som anférts i det féregaende, vara underkastat tvivelsmal. Moéjligen 
iro samtliga sura intrusiv dir av silurisk alder. 

De Aaldersgrupper gronstenar, som sarskilts inom Sédra Storfjallet, 
finnas naturligtvis aven representerade inom andra delar av Vaster- 
bottensfjiillen, bade inom de lagmetamorfa och de hégkristallina om- 
radena. 

Vad de ordoviciska effusiven betraffar, forekomma uppgitter om 
Jeras utbredning i denna uppsats och i min avhandling over Bjork- 
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vattnet—Virisen-omradet. Det fanns anledning antaga, att de ej blot 
forekommo inom fjillomradets mellersta och vistliga delar utan att 
de ven ingingo som led i de hégkristallina amfiboliterna i den stra 
hégfjiillszonen. De siluriska basiska intrusiven ha pavisats i Sédra Stor 
fjiillet samt i spridda forekomster mot S 6ver Arefjallet och Vardofjalle 
(9) samt vidare 6ver Lasterfjallet till Vasterbottensfjallens sydvastr 
del. A. Héazom har dir pa ett tidigt stadium av fjallundersékningarn. 
framhallit deras intrusiva karaktiér inom fyllitavdelningen ovan kalk- 
stens—kvartsitkonglomeratnivaerna (8). Aven torde amfiboliterna i 
sevezonen i icke ringa utstrickning utgéras av siluriska intrusiv med pri 
mirt gabbro- och diabaskornig struktur. De som »postorogena diaba- 
ser) & berggrundskartan éver Viasterbottensfjaillen betecknade dia- 
baserna i Vinevare och lingre séderut ha vid mina undersékningar 192 
och aven 1936 befunnits utan grins ga 6ver i amfiboliter av s. k. gard- 
fjallstyp. Diabaserna representera dirfér endast val bevarade partie 
av de vanligen till amfiboliter omkristalliserade basiska eruptiven sam 
aro ej yngre an fjallkedjeveckningen.t I samma riktning peka mi 
undersékningar inom de éstra amfiboliternas fortsittning mot NO, 
ide sydéstra delarna av Norrbottensfjallen, dir jag flerstides kunna 
pavisa ratt vail bevarade partier, dir diabasstrukturen ar tydlig iksom 
den successiva évergangen fran diabas-diabasporfyrit till ratt grov 
amfibolit. 

Sveriges Geologiska Undersékning. 
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+ Enligt A. HécBom fimnes en olivindiabasporfyrit V om de ovan namnda diabaserna, 


vilken genom sitt upptradande visat sig vara re dn alla andra basisk tiv i 
Vasterbottens fjillomrade (8). é ee Be) Sia 
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Zur >Granitisationstheorie». 


Eine Verdeutlichung 
yon 


H. G. Backiunp. 


EKinleitung. 

(Manuskr. eingegangen %/s 1938.) 
Ks diirfte wohl kaum ein zweites prikambrisches Areal von der Grés- 
enordnung von Fennoskandia existieren, von dem eine ahnlich grosse 
inzahl und Auswahl von vollstandigen Gesteinsanalysen, also von 
xakten zahlenmissigen Daten der chemischen Zusammensetzung 
hrer fundamentalen Bausteine vorliegt. An erster Stelle steht in dieser 
seziehung Schweden, das nicht nur die absolut héchste Zahl von Ge- 
teinsanalysen aufweist, sondern auch, dieselben auf eine Hinheit des 
andesareals berechnet, allen iibrigen Lindern, die sich in Fenno- 
kandias Erstreckung teilen, vorangeht. Zudem sind die Zahlenreihen 
eit neulich recht iibersichtlich und bequem zuginglich zusammen- 
estellt und geordnet worden (24). An zweiter Stelle kommt in dieser 
finsicht Finnland, das ebenfalls das entsprechende Material in ahnlich 
ibersichtlicher Aufstellung der Allgemeinheit leicht zuganglich gemacht 
at (25). An dritter Stelle diirfte der russische Anteil von Fennoskandia 
tehen, doch sind von dort die Anfange einer Zusammenstellung weder 
benso vollstiindig noch entfernt ebenso leicht zugiinglich (35) wie die 
on den vorhin genannten Anteilen. Norwegen hat den geringsten 
inteil von fennoskandischem Alteren Prikambrium inne, kommt 
uch sowohl absolut als relativ, was entsprechende Analysenanzahl 
etrifft, an letzter Stelle; dieses ist jedoch leicht verstiindlich, da das 
and in iiber */, seines Areales wichtigen und auch in praktischer 
Tinsicht massgebenden Arbeiten innerhalb jiingerer geologischen Bil- 
ungen nachgehen musste. Auch fehlt es von dort an einer entsprechen- 
en Zusammenstellung der existierenden Analysenzahlen, ein Nachteil, 
en das z. Z. wachsende Interesse an den prakambrischen Bildungen 
owohl des Siid- als auch des Ostlandes sicher mit gewohnt zielbewusster 

-roblemstellung ausmerzen wird (7). 


178 H. @. BACKLUND. {[Mars—April 1938. 


Der Verfasser hat es nun unternommen, diesen Schatz exakten Wissens 
soweit wie méglich auszubeuten, ihn aus Archiven heraus in die weitere 
geologischen Feldzusammenhinge zuriickzuversetzen, erstmalig 
zur Beleuchtung des Verlaufs greifbar in Erscheinung tretender feld- 
geologischer Reaktionen(2). Denn ohne diese zahlenmissige Beleuchtung 
an einigen markanten, zugleich auch frappanten Feldbeispielen schien 
eine weitere und breitere Ausnutzung des reichen Materials aussichtslos, 
Nebenbei wurden gréssere regionale Einheiten des priakambrisch-fenno- 
skandischen Gebiets ausgeschieden, um Vergleichen innerhalb wirklich 
Vergleichbaren den Weg anzubahnen. Es ergab sich daraus die Erkennt- 
nis, dass die ausgeschiedenen regionalen Hinheiten sehr ungleich un 
ungleichmassig mit Analysenzahlen belegt waren, dass eine zentrale 
(orogene) Hinheit, niimlich die alteren Svekofenniden, iiber das dic 
teste Netz von chemischen Daten verfiigte. Daraufhin wurde, zwei 
tens, der Versuch unternommen, innerhalb der zentralen, alteren 
Svekofenniden eine auf den Analysenzahlen fussende, statistisch-fel 
geologische Aufstellung durchzufiihren, die ev. in genetischer Beziehung 
iiber die méglichen verschiedenen Relationen der bereits makrogeolo- 
gisch und kartographisch erkennbar differenten Anteile der Sveko- 
fenniden Auskunft ergeben sollten. Trotz des in statistischer Beziehung 
doch noch vielleicht unzureichenden Materials gelang der Versuch 
iiber Erwartung; er bestiatigte die aus feldgeologischen Griinden extra- 
polierte regionale und genetisch differente Stellung der behandelten 
Anteile innerhalb des Systems der Svekofenniden (3). Dann wurde, 
drittens, das System der Untersuchungen auf eine jiingste pra- 
kambrische Gruppe von Gesteinen in markanter geologischer Stellung 
innerhalb von Fennoskandia ausgedehnt: auf die Gruppe der posttek 
tonischen jotnischen Gesteine. Auch diese Untersuchung zeitigte 
zahlenmissig befriedigende und genetisch deutbare Resultate, die nit 
denen der feldlich greifbar beobachteten Reaktionen der ersten Unter 
suchung in guter Ubereinstimmung standen (4). Die genannten Unter- 
suchungen wurden ohne Riicksicht auf die jeweiligen Landesgrenzen 
ausgefiihrt. 

Diese feldliche Auseinandersetzung mit Hilfe des archivierten Zahlen- 
materials hat, wie zu erwarten war, scharfe Opposition erregt. Dr. 
N. H. Maenusson (1) hat sich zu den ersten beiden Untersuchungen 
(2, 3) geaussert, wahrend Dr. H. v. EckeRMANN (12) bereits zu de 
Andeutungen (3) der dritten Untersuchung (4) das Wort ergriffe 
hat. Die erste Kritik (1) wendet sich weder gegen die Zahlenreihe 
noch gegen die Berechnungsmethoden oder das eigentliche Belegmateri 
des Verfassers, sondern lehnt die »Granitisation) in dem, was die alte 
Etappe der Entwicklung (»Urgranite», »Urgneise», »Granitgneiser 
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les »Magmaaufstiegs» betrifft, schlankweg ab. Fiir die jiingere Etappe 
bt die Kritik nach einigem Zaudern eine »Granitisation» (= Migma- 
itbildung) des vorexistierenden Gebirgsgrundes zu, verlegt sie aber fiir 
len schwedischen Anteil der Svekofenniden in unbekannte Tiefen unter 
len jetzigen Tagesschnitt (vgl. 1, Fig. 4), an dem nur echtmagmatische 
Intrusionen auftreten sollen. Neue Daten werden nicht veroffentlicht, 
ereits im Druck vorliegende, vom Verfasser mehr oder weniger voll 
eriicksichtigte Lokalbeschreibungen werden zitiert und einige noch 
uicht veréffentlichte derselben Art unter spezieller Beleuchtung be- 
sprochen. Auch die Resultate des Versuchs der Aufteilung der Sveko- 
enniden verwirft die Kritik mit diffusen Begriindungen, die den sonsti- 
yen eigenen Ausfiihrungen z. T. widersprechen. 

Die zweite Kritik Dr. v. EckErMANNs (12) liefert wertvolles Neuma- 
erial, das, in dem Sinne des Verfassers berechnet, zu des Kritikers eigner 
Uberraschung »Granitisations»-Zahlen (im Sinne der gegenw. Verfas- 
sers) derselben qualitativen und quantitativen Ordnung gibt, wie sie 
ler Verfasser fiir gréssere Areale und an reicherem Material, jedoch 
vielleicht mit minderen Prizisionsanspriivhen errechnet hat (4). Wie- 
weit dieses zu Gunsten oder zu Ungunsten des Verfassers spricht, ist an 
andrer Stelle ausgefiihrt worden (5). 


Zur Methodik. 


Bevor zur Gliederung und Abwehr der Kritik Macnussons geschrit- 
ten werden kann, ist es notwendig, einige Begriffe und Prinzipien fest- 
zulegen, deren sich der Verfasser als Hintergrund seiner Untersuchungen 
bedient hat. Da jene in dem Anteil, in dem sie Giiltigkeit und Anwen- 
dungsméglichkeiten haben fiir das altere Prikambrium und fiir den 
Werdegang seiner Gesteine, noch keineswegs in dem allgemeinen geolo- 
yischen Bewusstsein gefestigt sind, ist eine kurze Auseinandersetzung 
notwendig. 

Die aktualistische oder uniformistische Arbeits- 
weise ist sehr friihzeitig von J. J. SepERHoLM in das prakambrische 
Grundgebirge, und zwar in die alteren Svekofenniden eingefiihrt und 
leren Bedeutung von ihm immer und immer wieder betont worden. 
[hre Giiltigkeit fiir das fennoskandische Grundgebirge diirfte wohl 
kaum von irgendwelcher Seite nunmehr bezweifelt werden. Auch in 
hrem biologischen Anteil an dem Aufbau der Gesteine hat SEDERHOLM 
hre Bedeutung wiederholt unterstrichen und ist hierin, selbst inbetreff 
ler altesten Anteile in Finland, jiingst von LarraKart (22) kraftig 
sekundiert worden. 
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Des ersteren Untersuchungen (33) sowie die Bestaitigungen Hskona 
(15) haben ferner, nach demselben Prinzip vorgehend, nahegelegt 
dass Klimaschwankungen, ev. von der Amplitude Eiszeit—Gegenwart 
auch dem ilteren Fennoskandia nicht fremd waren. Ferner zeigt di 
regionale Verbreitung echter, nicht dedolomitisierter Kalksteine, di 
Art ihrer Assoziierung im Felde mit echten Dolomiten (z. T. umge 
wandelten) und dolomitischen Kalkstemen, nach Abzug ev. spatere 
(mmetasomatischer») Mineralaufprigungen und Gesteinsassoziationen 
derart grosse Ubereinstimmung: mit faziell aquivalenten Bildungen” 
jiingerer, paliontologisch gut datierbaren Ablagerungen, dass an eine 
gleiche oder aihnliche Herkunft wohl kaum gezweifelt werden kann. H 
ist nunmehr vielleicht bereits eine miissige Frage, wie gross, oder eher 
wie klein die Differenz des biologischen Anteils an dem Aufbau de 
dominierenden Leitgesteine in jenen entfernten Zeiten, verglichen mit 
jungen und jiingsten Zeiten, sein kann. Nachdem die absoluten Zeit- 
bestimmungen die Rahmen der zeitlichen geologischen soe 
Fennoskandias geliefert und gezeigt haben, dass die Svekofenniden im 
Zeitraum des geologischen Daseins der Erde eine Stellun 
ungefahr dem Mittelalter entsprechend einnehmen (16), erscheinen 
diese Beobachtungen und die daraus gezogenen Schliisse kaum mehr 
besonders befremdend. : 

DasEvolutionsprinzip ist zuerst von WramMann (40) 
auf das prikambrische Grundgebirge Fennoskandias angewandt wor- 
den. Durch Untersuchungen an verschiedenen Lokalen Finnlands hat 
er zeigen kénnen, dass die Htappen der Faziesverschiebungen innerhalb 
bestimmter Abschnitte der altesten Sedimente Finnlands vollkommen 
analog sind denen der Evolutionsphasen jiingerer Geosynklinalen. Des- 
gleichen hat er nachweisen kénnen, dass der Gang der Deformationen 
verschiedener Anteile des Gebirgsgrundes von Finnland dieselbe quali- 
tative und quantitative, zeitlich-energetische Anordnung zeigt, wie sie 
die verschiedenen orogenen Phasen in den jiingsten Gebirgen entwickelt 
haben. Ferner hat er konstatieren kénnen, dass basischer (ophiolithi- 
scher, basaltischer) Vulkanismus, ev. mit korrelaten Tiefeniquivalen- 
ten, ahnliche zeitliche und materielle Etappen der Férderung entwickelt, 
wie sie aus jiingeren Gebirgsketten schon seit langerer Zeit bekannt 
sind und neulich fiir die Alpiden in der Trias-Jura, in der Kreide 
(= Flysch), im Tertiir (= Flysch z. T., Molasse z. T.) von Kossmat 
(19) kurz zusammengefasst wurden. Ferner hat er den zyklischen Ver- 
lauf all dieser Erscheinungen innerhalb verschiedener Abschnitte 
Fennoskandias, spez. Finnlands nachweisen kénnen, das Abrollen nack 
einander all dieser HKtappen mit ihren lokalen Varianten, trotz ode 


ida 60. H. 2.] ZUR »GRANITISATIONSTHEORIE», 181 


im Verein mit Interferenzen lokaler und regionaler thermischen Mobili- 
sierungen, verfolgen kénnen. 

Der Begriff der Granitisation grésserer oder kleinerer Anteile 
priexistierender Gesteinserien wurde zuerst von SEDERHOLM ent- 
wickelt. Der Begriff zielte urspriinglich auf die jiingeren Granite (der 
zweiten Gruppe) der Svekofenniden, die Hangégranite, und baute auf 
der Beobachtung, dass alteres Kristallin, hauptsiichlich wohl »Urgranite» 
(= erste Gruppe), ohne scharfem Intrusionskontakt von jiingeren 
(des 6fteren roten, etwas kalibetonten Mikroklin-)Graniten ersetzt 
wurde, und dass in diesem Fall basische Giinge, die ev. das dltere Gestein 
durchsetzten, bei dem Ersatzakt teils ungestért und nur leicht von 
aussen granitintrudiert weiterexistierten, teils in Bruchstiicke von 
reihenférmig in alter Richtung orientierten Basiten aufgelést wurden 
(Agmatite» z. T.). Da es sich um Regeneration eines vorexistierenden 
(Prim-)Granites handelte, wurde folgerichtig fiir den Prozess der 
Ausdruck Palingenese, fiir seine Produkte, die (Ser-)Granite, 
die Benennung Migmatite oder Migmatitgranite geschaf- 
fen. Da ausser dem (Prim-)Granit auch alteres, mit ihm im Verband 
auftretendes Schiefermaterial demselben Prozess zum Opfer fiel, wurde 
vielfach diffus, auch von Seiten SEDERHOLMS, von Granitisation (ev. 
Anatexis) gesprochen. Der Verfasser hat als erster den Akt der Gra- 
nitisationfirdie Bildung auch der 4lteren (Prim-) 
Granite verantwortlich gemacht, indem er sich teils 
auf die Beobachtung reliktischer Sediment- (und Faltungs-)Strukturen, 
sowie von regional orientierten Hinschliissen und Hinschlussreihen 
innerhalb von Alteren (Prim-)Graniten stiitzte, teils die regionale Lage 
und Orientierung der alteren Graniteinheiten in Betracht nahm, teils 
auch Parallelen und Analogien betreffs der Primgranite innerhalb des 
Kaledons von Ostgrénland und ihr Verhalten den normalen Sedi- 
menten gegeniiber zum Vergleich heranzog; teils schliesslich trug zu 
diesem Schritt die wenig beachtete Beobachtung bei, dass in den Ser- 
graniten (2:te Gruppe = Hangégranite) oftmals zwei verschiedenaltrige, 
d. h. verschieden kraftig von seiten des Migmatits beeinflusste basische 
»Gangsysteme» urspriinglich wohl sehr nahestehender Zusammensetzung 
auftraten, die also beide alter als die eigentliche (spite) Migmatitbildung 
waren. Fiir die Migmatitbildung (Sergranite) im Sinne SEDERHOLMS 
entwickelte sich leichtverstindlich der Ichorbegriff als des 
»ygranitischen Safts», der in der reichlichen Entwicklung von Pegmatiten 
im Verband mit den Graniten der zweiten Gruppe seinen Ausdruck fand. 
Dem Granitisationsakt der alteren Gruppe, im Sinne des Verfassers, 
fehlten die Pegmatite fast vollstindig, was auch nur unter den genannten 
genetischen Gesichtspunkten plausibel erscheint: vorausgesetzt, dass 
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die Granitisationsstoffe (—»Emanation» von Hoimes (18), REyNoLD 
(30), QurrKE (28), Contrs (8), u. a.) in beiden zeitlich von einandetr 
getrennten Akten qualitativ ‘hnliche Zusammensetzung hatten un 
dass in ihnen die Alkalien eine bedeutende Rolle spielten (vgl. »Alkali 
metasomatose», »Albitisierung», »Serizitisierung», »Natriumdimpfe» usw 
gewisser alpiner und andrer Verfasser), so fanden sie beim ersten Auf. 
stieg fast nur an Alkalien arme und verarmte Gesteine und Sedimente 
vor und wurden unmittelbar an sie im Ausgleich gebunden; beim zweiten 
jiingeren Aufstieg war Alkalibindung (= Feldspatisation) des (gefalteten 
Gebirgsgrundes in grossen Teilen vollendet, die spitere »Hmanatio 
vollfiihrte eine Komplettierung, der Uberschuss mobilisierte sich mit 
Teilanschluss der Umgebung als Pegmatite. Es kann wohl kaum i 
SEDERHOLMS urspriinglicher Auffassung eine Identifizierung des 
»Ichors» mit den Pegmatiten s.str. gelegen haben, sie diirfte wohl spater 
von aussen hinzugekommen sein. Wenn also an einem Unterschie 
zwischen Granitisation und Migmatitbildung festgehalten werden 
soll (was der Verfasser in friiheren Veréffentlichungen nicht strikt 
getan hat), so mag, trotzdem die Etappen der Entwicklung in beiden 
Fallen einander iiberaus ahnlich sein kénnen (vgl. Schema S. 271 in 2), 
die oben angefiihrte Bezeichnung und Definition dem Tatsachenbestand 
am besten entsprechen; denn jeder jiingere selbstiindige »Emanations-— 
_aufstiegy innerhalb derselben regionalen geotektonischen LEinheit 
scheint die jeweiligen Produkte chemisch und mineralogisch immer 
weiter von »normalen)» Graniten zu entfernen. 

Die Granitisation wurde urspriinglich von Seiten SEDERHOLMS als ein — 
exklusiver und speziell dem ialtesten Prikambrium eigentiimlicher 
Vorgang aufgefasst. Erst spit konnte festgestellt werden, dass sie auch 
in jiingeren Gebirgen, falls durch Erosion geniigend aufgeschlossen, in 
den Kaledoniden (39), in den Variskiden (32), in den Alpiden (11) und 
sogar sonstwo im Tertiar (29), ausgiebig und sogar regional entwickelt 
ist. Sie schliesst sich also, obgleich nicht direkt ad oculis in ihrem Werde- 

gang beobachtbar, den beiden vorhin genannten Sa&tzen ebenbiirtig 
an (41). Doch um sie zu verstehen und in die Details ihrer Entwicklung 
eindringen zu kénnen, miissen die beiden erstgenannten vollauf beriick- 
sichtigt und in ihrer breiteren und engeren raumlichen Auswirkung 
untersucht werden innerhalb der regionalen geotektonischen Einheit, 
der die in Frage kommende Granitisation angehért. Eine Granitisation 
oder ihre Spuren in dem Tagesschnitt Alterer prikambrischer Gebirge 
glattweg zu verneinen fiihrt zur Absage von den beiden Leitsitzen der 
geologischen Forschung, dem Aktualititsprinzip und dem Evolutions- 
prinzip, und damit zum Verzicht auf jegliche sichere Wegleitung inner- 
halb des Prikambriums. 


mo 60.. H. 2.) ZUR »GRANITISATIONSTHEORIE>. 183 


Das Material. 


Es wurde im vorigen Abschnitt vieles in méglichster Kiirze wieder- 
olt, was in den friiheren, jetzt der Kritik unterworfenen Abhandlungen 
1, 3) bereits recht ausfiihrlich besprochen worden ist. Es sind dies 
ramissen, an denen man nicht vorbei kann, soll man von den Sveko- 
nniden, ihren schwedischen Anteilen, der svionischen und anderen 
erlen, eine einigermassen konkrete und konsequente Vorstellung er- 
alten als von einem alten Faltengebirge, das in sehr stark denudiertem 
ustande sich an der heutigen Oberfliche prisentiert und dem ein 
egelrechtes svekofennisches Geosynklinalstadium, wie man es fiir die 
1ehr erforschten jiingeren und jiingsten Gebirge auch heute noch 
ostuliert, vorangegangen sein muss. Eine Geosynklinale als Sedimen- 
ationsraum auf weichender Unterlage entwickelt die bekannten Fazies- 
nterschiede, die sich nach der Watruerschen Regel horizontal und 
ertikal ablésen. Beim Eintritt der ersten Revolutionsphase verscharft 
ich der vertikale Fazieswechsel, beiliufig mit Eingriff von basischen 
Tulkaniten und mit (lokalen) Unterbrechungen der Sedimentation. 
uf diese beiden Beobachtungen stiitzt sich urspriinglich der Begriff 
iner Formation oder (wenn wenig sicher abgegrenzt) einer Serie. 

Im schwedischen Anteil der Svekofenniden zeigt der heutige Tages- 
chnitt rein statistisch eine betrichtliche und mengenhaft lokalisierte 
\usbreitung von Tiefengesteen — Graniten mit untergeordneten, 
rspriinglichen, alteren Oberflichengesteinen (echten Sedimenten und 
‘ulkaniten) und Tiefenbasiten, das Upsalagebiet. Ein zweites Areal 
eigt mengenmissig dominierend Gesteine unsicherer Herkunft in 
fark metamorpher Tracht (Granatgneise), wohl vornehmlich einer 
rspriinglich sedimentiren Folge (mit spirlich eingeschalteten Vulka- 
iten) aufgeprigt, die von »echten» Graniten in untergeordneter Menge 
egleitet werden, das Sérmlandgebiet. In einem dritten Areal dominie- 
mn echte Suprakrustalgesteine, saure Vulkanite (»Leptite») und echte 
edimente, beiderlei in weniger metamorphem Gewande als die vorhin 
enannten Gneise, mit rel. untergeordneten Graniten und Tiefenbasiten, 
as Bergslagengebiet oder die urspriingliche svionische Serie. Seit 
tem sind diese drei Gebiete geologisch auseinandergehalten und auf 
ar Nordenkarte von GavetiIn und Magnusson durch ginzlich ver- 
hiedene Bezeichnungen markiert worden. Jetzt erklirt aber Mac- 
usson betreffs der Sérmlandserie (1, s. 539): »Es giebt nichts was ihre 
btrennung als besondere Formation [der Verfasser giebt sie an als 


1 Es musste dieses auch deshalb geschehen, um verdeckten Andeutungen nicht be- 
cksichtigter Priorititen — trotz sehr ergiebigen Zitierungen — zu begegenen (vgl. v- 
COKERMANN 12, S. 523.) 


184 H. G. BACKLUND. [Mars—April 1938 


Serie», vgl. 3, 8. 244] mit anderer stratigraphischer Lage als in Uplang 
und in Bergslagen berechtigt.» Stratigraphische Belege sind Leptit 
(Vulkanite!), analoge Hisenerze und Kalke hier und dort, ganz abgese 
hen von nicht vergleichbaren Michtigkeiten. Die Differenz der gegen 
wiirtigen Gesteinstracht (von Sérmland) wird etwas diffus damit erklart 
dass »yom Standpunkt der Metamorphose [es] eine 
andere und tiefere Lage eingenommen hat als di 
beiden tibrigen Gebiete, wihrend gleichzeitig 
stratigraphisch héhere Teile der Leptitforma= 
tion ein grésseres Areal einnehmen als in Upland 
und im eigentlichen Bergslagem. Um die tiefere Lage zu 
gewinnen, miissen also die Sérmland-Muttergesteine entweder besser 
faltbar oder weniger machtig gewesen sein, oder aber das faltbare Lie 
gende eines miachtigeren wenig faltbaren Sedimentkomplexes einge- 
nommen haben; die Uplandgesteine aber weniger faltbar, jedoch bedeu- 
tend leichter granitpermeabel als die beiden vorgenannten gewesen 
sein; die Bergslagengesteine schliesslich weniger faltbar und wer ig 
granitpermeabel. Das sind Differenzen, die nicht allein durch sekundi 
Lageverschiedenheiten gedeutet werden kénnen, sie miissen auch a 
primiren (Fazies-)Unterschieden bedingt sein, die auch nur allein das 
verschiedene Verhalten Vererzungen gegeniiber erkliren kénnen. Wenn 
dazu noch berichtet wird, dass die Sdrmland-Gneise unter das eigent- 
liche Bergslagen untertauchen und keinerlei Anzeichen einer a 
nischen Superposition genannt werden, im Gegenteil, Andeutungen einer 
(primaren stratigraphischen?) Diskontinuitét (»Vergréberung des Ge- 
steins») gemacht werden, wenn schliesslich aus der unterdessen zuging- 
lich gemachten (15 Febr. 1938 in Upsala), von Magnusson zitierten 
Kartenblattbeschreibung (26) hervorgeht, dass ein extremes Flysch- 
gestein (die »Larsbo-Serie»), das als das Muttergestein der Sérmlan 
Gneise bezeichnet wird, den Bergslagen-Gesteinen der normalen Flysch- 
entwicklung konkordant(?) mit Bodenkonglomerat aufruht, also, wie 
daraus folgt, die stark metamorphen Sérmland-Gneise ihre eigenen 
Liegendgesteine unterteufen, so wird man iiber die Art 
der Beweisfithrung stutzig. Zur Staérkung des materiellen Beweises 
wird nicht einmal der Versuch gemacht, die Analyse des authentischen 
Larsbo-Gesteins mit denen der Sérmland-Gneise zu vergleichen, son- 
dern es gentigen in den meisten Fallen allein Vermutungen. Stutzig 
wird man ebenfalls, wenn man erfahrt, dass die gleiche erzfiihrende 
Formation und die gleichen Gesteine den Untergrund des eigentlichet 
Bergslagens, Uplands und Sérmlands aufbauen, und dann die ent 
‘sprechenden Teile auf der Ubersichtskarte und den Kartenblatterr 


1 Gesperrt von Magnusson 1, S. 540. 
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tudiert. Dass in einem Falle die ausserordentlich michtige Supra- 
tustalformation (Vulkanite + Sedimente) bis auf rel. geringfiigige 
teste entfernt, versenkt oder assimiliert wurde; im zweiten Fall, inner- 
alb desselben Gebirges dieselben Bildungen in ungefihr demselben 
lusmasse zu Granatgneisen iiberfiihrt wurden, heisst doch wohl ein 
venig hohe Anforderungen auf die selektive Tatigkeit gesteinsbildender 
Jorginge mit Hinsicht auf postuliertes gleiches Substrat zu stellen. 
Jenn mit der vermeintlichen stratigraphischen Parallelisierung von 
Julkaniten und sedimentogenen Metamorphiten, auch wenn sie eisen- 
rzfiihrend sind, tiber gréssere Areale und tektonische Diastrophismen 
linaus diirfte es wohl nicht so genau sein, wie es vor etwa 70 Jahren 
ngenommen wurde, trotz der »niveaubestiindigen» Gruppierung von 
Kali-Intermediar-Natronleptiten», die ja doch ungeachtet aller primar 
verschiedenen genetischen Auffassungen als sekundire (»metasoma- 
ische») Metamorphite definiert werden miissen. Denn auch vor eben- 
oviel Jahren wurde »Flysch» als stratigraphisches Niveau erfasst, 
vihrend es jetzt feststeht, dass seine wahre stratigraphische Amplitude 
is zu 2 »Formationen» und mehr an verschiedenen Stellen desselben 
Jrogens, vergleichsweise zusammengestellt, durchlaufen kann. 

Doch wenn von der Verworrenheit in der Beweisfiihrung (vgl. oben) 
ler Kritik abgesehen wird, so geht aus den Betrachtungen hervor, 
|) dass betreffs des Materials die ehemalige Geosynklinale, soweit 
1veutige Felderfahrungen reichen, zu Beginn angeblich gleichartige 
Festeine enthalten habe, dass diese also einer und derselben Fazies- 
usbildung angehért haben sollen; 2) dass eine hangende »Larsbo-Serie» 
aziell unterschieden werden kann, die ev. grosse Teile der normalen 
Bergslagen-Abfolge (= svionische Serie) im Sérmland-Gebiet ersetzt 
1aben soll, also doch primire, regionale Faziesunterschiede in der 
yeosynklinale vorgelegen haben; 3) dass fiir eine »Formationseinteilung» 
les schwedischen Anteils der Svekofenniden keinerlei Berechtigung 
rorliege. — Nun gehért es zur Sache, dass der Verfasser im Schlusstiick 
iber die Hinteilung der Svekofenniden (3, S. 244) von Serien spricht 
vgl. Larsbo-Serie oben), nicht von Formationen, und ihre gegenseitige 
uage im Sinne der Watruerschen Regel sowohl in der Horizontalen 
is in der Vertikalen ausfiihrlich diskutiert und sich dabei auch auf die 
Statistik des Chemismus der Gesteine stiitzt, also ebenfalls eine hori- 
ontale Faziesveriinderung in Betracht zieht. Da die oben angefiihrten 
‘chlussfolgerungen aus der Zusammenstellung der Kritik teilweise im 
Widerspruch zu einander stehen, da ferner die Verkiindigungen, der 
Jerfasser sehe die Adergneise und die Urgranite als prinzipiell gleich- 
vertige Erscheinungen an (8. 537) und noch dazu »zur Erklérung der 
Trgranite in seinem Sinne zwei zeitlich scharf getrennte Granitisierungs- 
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prozesse annehmeny miisse (S. 538), trotz erhobenen warnenden Fingers 
(sollte zur Vorsicht mahneny) schlecht mit einander tibereinstimmen 
und noch schlechter mit den Originalfestlegungen des Verfassers ir 
Ubereinstimmung gebracht werden konnen,* so fragt es sich, ob die 
Kritik desweiteren, durch Erwaihnung sehr bedeutender selektiven 
Metasomatosen, von kausal recht schlecht motivierten B- und Be 
Pegmatiten und desgleichen von Kiesimpragnationen sowie von Cl-F- 
Mineralen, doch nicht eher weitere Beweisstiicke zur »Granitisations 
theoriey vorgelegt hat, als zu einer Theorie, die durch Vernachlassigung 
jeglicher temporaler und kausaler Etappen doch vicles mit der Kata 
strophen-Theorie der ersten Anfainge des 19. Jahrhunderts gemeinsam 
hat. 

Geosynklinalriume kénnen in gewissen Stadien und Abteilen ihrer 
Evolution recht homogene Sedimente ansammeln. Im Detail sind sie 
doch, wie genauere Untersuchungen zeigen, oft recht inhomogen. Diese 
im Grossen homogenen Sedimente entwickeln oft die gréssten Machtig: 
keiten. Homogene Sedimente ergeben selbstverstandlich homogene 
Granitisationsprodukte, dagegen diirften »Einschmelzungen» von Seiten 
yaufsteigender Magmenmassen», sogar bei einem mystischen Weg- 
transport assimilierter und nichtassimilierter Massen, sich durch grossere 
oder kleinere Inhomogenititen des Neuprodukts kundgeben. Inhomo- 
gene Sedimentfolgen — zahlenmissig die zahlreichsten — ergeben in 
homogene, oft »gemischte» Granitisationsprodukte. Es bedarf de 
»wahrend 20 Sommer (vgl. 1, S. 545) geschulten und nivellierende 
Auges des erfahrenen, im Felde kartierenden Geologen, um den Karten- 
anforderungen gemiss durch eine einheitliche Farbe iiber gréssere Areal 
einen »homogenen» Granit zum Bilde zu bringen. Die 181 Kartenblatt- 
beschreibungen Schwedens halten sich Seite nach Seite auf iiber die 
Ungleichmissigkeit der Zusammensetzung sowohl der Prim- als der 


Aufschluss. Die nicht ausgeglichenen Teile der Diagramme des Ver- 
fassers (3, Fig. 3—6) geben von dieser Inhomogenitat, auch innerhalb 
des Upsalagranites,* eine greifbare Darstellung. Jiingst hat auch BarTH 
(7) besonders unterstrichen, dass das als Telemarksgranit im siidlichen 
Norwegen (ein Sergranit der Gotokareliden) als homogen beschriebene 


1 Die Kritik betont hier besonders stark, dass sich der Verfasser auf die Resultate des 
Kritikers stiitzt, sodass der Verdacht entstehen kénnte, der Verfasser habe versaumt, 
eine Zitierung anzufithren. Das ist nun allerdings nicht der Fall, die Benutzung publi 
zierten Materials ist frei; dazu hat sich aber der Verfasser auf zahlreiche Kartenblatt- 
beschreibungen und persénlichen, grésseren und kleineren Begehungen im Felde gestiitzt, 

2 Die drei Grossgebiete oder »Serien» der schwedischen Svekofenniden unterscheiden 
sich chemisch nicht »nach BackLuNp» (1, S. 539), sondern nach den exakten Analysen- 
zahlen und deren diagrammatisch dargestellten, ausgeglichen Kurven im reellen Bild 
von einander. 
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restein durchaus inhomogen ist und sowohl strukturell wie chemisch 
vedeutenden Schwankungen unterworfen ist. Die Kritik scheint 
homogene Ausbildung» (1, S. 532) mit gleichformiger Prigung zu ver- 
vechseln; die erste macht sich geltend durch gleichen Chemismus und 
thnliche Bedingungen der Mise-en-place, die zweite durch einen Prozess 
mabhingig von diesen und der fiir gréssere Areale gleich wirksam ge- 
vesen ist. Der Verfasser hat des dfteren die erfahrenen kartierende 
Teldgeologen bewundert, mit welcher Sicherheit sie im Felde an der 
-rigung Primgranite von Sergraniten unterscheiden, oft ohne eine 
xakte Definition der unterschiedlichen Merkmale angeben zu kénnen. 
Jiese Pragung kann nur als Begleitprozess einer regionalen Granitisa- 
‘jon entstehen. 


Die Raume. 


Das Minimum der Tiefe der granitisch-kérnigen Erstarrung von mag- 
natischen Tiefengesteinen ist auf 400—600 m geschatzt worden (10), 
las entsprechende des Granitisationsaktes auf 5—6 000 m (38). Zwischen 
diesen beiden Niveaus kann sich also in den allerungiinstigsten Fallen 
zusammengedrangt die echtmagmatische Evolution von intrusiven 
Tiefengesteinen granitischer Zusammensetzung abspielen. 

Die alten Sedimente der Svekofenniden sind, wo noch erkennbar, 
stark zusammengefaltet und nahezu oder véllig vertikalgestellt. Sie 
haben, wie die tektonischen Analysen, wo mehr oder weniger durchge- 
fiihrt (vgl. z. B. 20, 21, 37), zeigen, eine oder mehrere bedeutende 
Kompressionsphasen durchgemacht und sind, der nahezu vertikalen 
Stellung ihrer Glieder nach zu urteilen, auf kleinstmégliche Raume 
reduziert worden. Hine Einschaltung von Neumaterial zwischen die 
3o zusammengestauchten Glieder zur Zeit der Zusammenfaltung oder 
anmittelbar im Anschluss daran begegnet in Anbetracht der damaligen 
Tiefenlage der Sedimentserien ganz besonderen Schwierigkeiten (vgl. 8). 
Ausserdem scheinen die verschiedenen, urspriinglichen, sedimentaren 
Riume, soweit Feldbeobachtungen einen Kinblick gewahren, und 
wohl zunichst im Zusammenhang mit der urspriinglichen Beschaffen- 

eit der Sedimente (= Faziesausbildung), in verschiedenen Stilen 

usammengefaltet zu sein, bald eng wellig mit zahlreichen Querstau- 
hungen und im Detail wechselnden Streichen, also eng ineinander grel- 
end; bald weitwellig, geradlinig, mit auf weite Strecken einheitlichem 
treichen, Komplexe regelmissig isoklinaler Gefolgschaften bildend. 
iese beiden Typen verhalten sich in ihrer extremen Ausbildung Kin- 
chaltungen von Neumaterial gegeniiber etwas verschieden: im ersten 
alle kénnen Kleinverteilte Einschaltungen sich dem Spiel der Falten, 
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je nach der Verteilung ihrer relativer Spannungen mit positiven und 
negativen Vorzeichen, einordnen; grésseren geschlossenen Hinschal- 
tungen stehen nahezu uniiberwindliche Schwierigkeiten entgegen, soweit 
sie nicht gewaltsam durchbrechend, also mit Méglichkeiten von Weg- 
schaffung iiberschiissigen Materials nach oben oder nach unten, auf 
treten; im zweiten Falle ist allenfalls eine Kinschaltung von Ne 
material in spitzflachen Hinheiten parallel der Dehnungs-b-Achse ein 
mehr oder weniger gangbarer Weg, wenn nicht der vorhin genannte 
Gewaltweg beschritten wird, der in den in Frage kommenden Tiefer 
schon wegen der geringen Differenzen in Beschaffenheit der Hinschal- 
tung gegentiber dem Wirtgestein doch schwere Bedenken erregt. 

Das Gesagte gilt fiir Granitintrusionen im Niveau des heutigen 
Tagesschnittes der Svekofenniden; fiir dieselben ist der Intrusionsakt 
in erster Linie eine wichtige Raumfrage, die in dem Masse es sich um 
je hdhere Niveaus in der Sedimentabfolge handelt, stetig desto mehr an 
Bedeutung — wegen der schrittweise sich darbietenden, wachsenden 
Ausweichméglichkeiten — verliert. Solange die tektonischen Strukturen 
durch den Intrusionsakt nicht radikal gestért oder verstellt werden, son= 
dern dieser sich in das allgemeine Strukturbild harmonisch einpasst, oder 
aber die Strukturen zu beiden Seiten der Intrusion, oder durch dieselbe, 
wenn auch diffus im Streichen, scheinbar ungestért fortlaufen, kann es 
sich nicht um einen raumerzwingenden Gewaltakt im vollen Ausmasse 
des sichtbaren Areals handeln. Es muss die Vorstellung entstehen von 
einem Ersatz von vorexistierendem Material mittels einer Erneuerung, 
die durch geringste raumbeanspruchende Veriinderungen oder Zuschiisse 
sich vollzog, vorallem ohne Fortschaffung von bereits vorbefindlichen 
Material entgegen dem allgemeinen Energiefluss des Systems. i 

Hs handelt sich im svekofennischen Grundgebirge Schwedens um drei 
Typen von (alteren) Granitaktionen: 1) die spitzlinsigen, zum Nebenge= 
stein scharf begrenzten Granitkérper, die mit echten Intrusionen vie- 
les gemeinsam haben (zweiter Fall oben: hauptsichlich in der svionischen’ 
Serie — in Bergslagen); 2) die senkrecht zum allgemeinen Streichen des 
ofteren scharf begrenzten kleineren Areale, die im Streichen zerlappt, 
oft diffus und unregelmissig zu Ende gehen (ersten Fall oben: haupt- 
sichlich im Sérmland-Gebiet); 3) die grossraumigen Granitareale mi 
reliktischen, orientierten Kinschliissen (oben als mehr oder weniger 
paradoxal bezeichnet: hauptsichlich das Upsala-Gebiet). Man kénnt 
versucht sein, bei der derzeitigen Tiefenlage das letztere als ein gewaltige 
Magmareservoir anzusehen, in dem sich die Differentiationen grossen 
Stiles vollziehen. Obgleich bereits der damalige geotektonische Zu 
stand des svekofennischen Gebirges hiermit schwerlich in Einklang zu 
bringen ist, so zeigt die Feldbeobachtung, dass innerhalb des vermeint 
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lichen Reservoirs keine undifferenzierte Masse anzutreffen ist, sondern 
dass die Gesteine bereits »fertig differenziert» vorliegen, genau wie 
innerhalb der Gebiete der kleineren Areale unter 1) und 2). 

Die Kritik hat einen Vorschlag zur Lésung der Raumfrage bei der 
Bildung der (spiteren) Sergranite gemacht (Fig. 4, S. 546). Obgleich 
als Versuch stark schematisiert, driingt die formale Andeutung der 
Raumfrage noch eindringlicher auf eine rationale Lésung. Ausserdem 
scheint in dem Schema der Temperaturgradient nur in invertierter 
Anordnung dem System Geltung verschaffen zu kénnen. 

Die Frage der Raume und ihre konsequente Beantwortung ist fiir 
das Verstindnis des tieferen Prikambriums von iiberragender Bedeu- 
tung; sofern nicht widersinnige Lésungen in Frage kommen sollen, 
scheint ein Granitisationsakt den einzigen Weg zur Lésung zu gewihren. 


Die Mobilisation. 


Die Kritik sucht gleich eingangs festzulegen und unterstreicht sehr 
lebhaft (1, S. 525), dass gemiss den Darlegungen des Verfassers die 
Produkte der Granitisation nach Vollendung des Prozesses an Ort und 
Stelle verblieben sein sollen, dass »keine Intrusionen von fliissigen 
Magmakérpern» stattgefunden haben sollen. In der Fortsetzung meint 
sie feststellen zu miissen (S. 532), ohne auf die zahlenmiassig 
in demselben Sinne laufenden speziellen Berechnungen des Verfassers 
Riicksicht zu nehmen (vgl. 2, 8S. 322), dass »die homogene Aus- 
bildung, die die Granite auf grosse Strecken hin 
aufweisen, scheint eine sehr reichliche Zufuhr 
von Material erfordert zu haben, ja so reichlich, 
dass das urspriingliche Material ein kleiner 
Bruchteil wird...» und wundert sich in der Fortsetzung: »Je 
reichlicher man das Zufuhrmaterial annimmt, 
desto mehr n&ahert man sich der alteren Auf- 
fassung und desto weniger brauchbar wird die 
Granitisationstheorie» 

Obgleich diese beiden Festlegungen, die teils dem Verfasser direkt 
gugeschrieben, teils unmittelbar aus seinen Zusammenstellungen, Berech- 
nungen und Beobachtungen angeblich als Schliisse gezogen werden 
kénnten, einander widersprechen, so mutet es stark befremdend an, 
dass ein Granitisationsprozess als unbrauchbar gestempelt wird, weil 
sein Produkt sich sehr auffallend nihert den im Felde beobachteten 
intrusiven Gesteinen und ihren Gebahren in der Oberkruste und im 
Deckgebirge, fiir die die »iltere Auffassung» aufgestellt wurde. Ausser- 


1 Gesperrt von der Kritik. 


199 H. @. BACKLUND. [Mars—April 19 


dem stimmt es nun garnicht mit der dem Verfasser zugeschrieben 
yin sitw-Behauptung, die als Ausgangsposition der ganzen Kritik ge 
wihlt worden ist. Denn ganz im Gegenteil sucht der Verfasser jewei 
zahlenmiissig den Volumenzuwachs festzustellen, den der Granitisations 
prozess an den untersuchten Sedimenten bewirkt hat, ohne Riicksich 
auf ev. abwandernde Elemente zu nehmen. Der Volumenzuwach 
innerhalb gegebener Riume, die nur wenig den Feldbeobachtunge 
gemiiss erweitert wurden oder werden konnten (vgl. oben), fiihrt z 
Mobilisation, vom Verfasser in diesem Falle Rheomorphos 
benannt, des Granitisationsproduktes, in je hoéherem Ausmasse, je 
grésser der Volumenzuwachs ausfillt, wie es der Verfasser aus 
driicklich betont hat (vgl. 2, S. 338). Die Mobilisation fih 
zu Fliessbewegungen, Differentialbewegungen, Fliessfaltungen, Durch 
briichen, Intrusionen in Richtung geringeren Widerstandes u. s. w., 
alles aus Feldbeobachtungen postulierte Erscheinungen, die so © 
und ausfiihrlich beschrieben worden sind, dass es dem Verfasse 
unniitz erschien, nochmals auf dieselben einzugehen. Die Pramissen 
der Kritik sind folglich fehlerhaft, sie hat ausserdem mit der »altere 
Aufassung» das Raumproblem vollstindig aus den Augen verloren. 
Die Mobilisation der Sedimente als Anpassungsakt zu den gegebenen 
oder entstandenen Feldbedingungen bedient sich vor allem des bekann-_ 
ten Satzes, den Transformationen unter geringst méglichem 
Arbeitsaufwand geniige zu leisten. Ein fliichtiger Uberblick i 
iiber den Chemismus von regionalen Sedimenten gibt auch anne 
einen Hinblick daraufhin, wieviel da Granitisationsmaterial (= »EKma- 
nation») notwendig ist, um ihnen in jedem einzelnen Falle bei den 
jeweiligen niedrigsten Temperaturen (vgl. u. a. 6) den von Fall zu Fall 
héchsten, an die Raumbedingungen gebundenen Mobilitatsgrad zu 
verleihen. Nur so sind die sog. synorogenen Granitintrusionen zu _ 
verstehen, nur so kann das Problem der Intrusionstektonik und Wan- — 
dertektonik (34) eine einigermassen befriedigende Liésung erfahren. © 
Und nur so erklirt sich zwanglos, ohne von den beiden vorhin zitierten | 
Grundprinzipien geologischer Forschung (S. 3—4) Absage zu tun, die 
im Vergleich mit den Revolutionsprodukten jiingerer Geosynklinal- 
bildungen sehr merkbare Verschiebung im quantitativen Bestand 
und Mengenverhaltnis der Sedimente innerhalb dquivalenter Bildungen 
des alteren und altesten Prikambriums. Denn gibt man mit Larra-— 
KARI (I. ¢.) zu, dass in dem altesten Grundgebirge die recht weitverbrei-_ 
teten Anhiufungen von Graphit in gewissen Sedimenten Zeugen von 
ehemaligem, recht reichen organischen Leben sind, und zieht man in 
Betracht, dass die entsprechenden Wirtgesteine wihrend eines Mittel- 
alters der Erde gebildet worden sind (vgl. S. 4), so muss, wie schon friiher 
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hervorgehoben worden ist (2), eine umso grossere, mit der Gegenwart 
vergleichbare Menge von Kalksteinen dortselbst urspriinglich vorgelegen 
haben. Das tiefere Prikambrium wird aber nahezu hauptsichlich durch 
seine Armut an Kalksteinen charakterisiert und sogar definiert. Zu 
einem Zustand, vergleichbar mit dem des fennoskandischen Prikambri- 
ums, kénnen bei voller Beriicksichtigung der Raumfrage und der folge- 
richtigen Mobilisationen nur granitisationsihnliche Prozesse beige- 
tragen haben. 


Die Grenzen. 


Die Grenzen des Granitisationsaktes werden vor allem, wie es WEG- 
MANN so klar illustriert (41, Fig. 4) und beschrieben hat, durch die 
Temperatur bedingt, dem »Vorriicken der Migmatitfront» und dem 
»Vorriicken der Abkiihlungsfront». Dann aber auch von dem Graniti- 
Sationsvermégen des Gesteins, d. h. von der Grésse der Differenz im 
Chemismus gegeniiber dem Endprodukt der jeweilen gréssten Mobilitit. 
Dass die erstere in urspriinglich stratigraphisch hdheren Teilen des 
Gebirges zuriickbleibt und viele dem Granitisationsakt sonst leicht 
zugingliche Sedimente dort von der Granitisation vollstiindig verschont 
werden (die hangendsten Teile der svionischen Bergslagenserie: Grythyt- 
tan u. dgl.), diirfte wohl kaum einer speziellen Erklirung bediirfen. 
Die mengenmissig geringe Granitisation der svionischen Serie iiber- 
haupt und ihrer Hangendteile im besondern diirfte u. a. ein Hinweis 
auf ihre héhere stratigraphische Lage im Sinne des Verfassers sein. 
Hieraus aber den Schluss zu ziehen, dass die Granitisation unbedingt 
diffuse Grenzen» und »eine abnehmende Starke» (1, 8. 527) nach aussen 
ausbilden sollte, diirfte durchaus fehlerhaft sein. Da die Granitisation 
eine gewisse Kulmination der Metasomatose bedeutet, die in der Mobi- 
lisation (Rheomorphose) ihren definitiven Ausdruck findet, bilden sich 
schon bei diesem Akte der Differentialbewegung die scharfen Grenzen 
aus. 

Innerhalb der Temperaturgrenzen diirften die urspriinglichen Aniso- 
tropieflichen (Schichtflichen) der Sedimente, die durch eine oder 
mehrere Tektonisierungen desweiteren oft verschirft werden, tiberaus 
wichtige Grenzen der Granitisation sowie der Rheomorphose reprasen- 
tieren. Je naher diese Flichen der Temperaturgrenze im Hangenden 
liegen, desto scharfer diirfte sich die deutliche und »schichtweise» 
Scheidung der Granitisation abspiegeln. Je weiter ab von der oberen 
Grenze, in Bereichen héherer Temperatur, sich dieser Akt abspielt, 
Jesto weniger werden die Anisotropieflichen beriicksichtigt und solche 
yon weniger ausgeprigten Ausbildung und Gegensitzlichkeit scheiden 
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als Grenzflichen giinzlich aus. Das ist auch ohne weiteres verstindlic 
denn die faziell verschiedenen Sedimente haben natiirlich eine voll 
stiindig verschiedene Fahigkeit die »Emanationen» (auf Diffusions 
wegen) weiterzuleiten, nicht nur betreffs ihrer qualitativen, sonde 
auch der quantitativen Zusammensetzung, worauf der Verfasser bereit 
friih ausdriicklich aufmerksam gemacht hat. Das Diffusionsvermége 
steigt mit steigender Temperatur, ungleich rasch bei verschiedene 
Sedimenten, was ebenfalls durch zahlreiche Experimente belegt worde 
ist. Die Rheomorphose in solchen, mit erhaltenen Anisotropieflachen 
wechselnder Machtigkeiten ausgestatteten Arealen bewirkt meist lokale 
selten regionale Brecciierungen dieser »Septen», es entstehen »Agmatite: 
u. dgl.; die Bruchstiicke kénnen je nach ihrer regionalen Lage me 
oder weniger, oder garnicht innerhalb des rheomorphen Zuges chemise 
beeinflusst oder assimiliert, die Grenzen mehr oder weniger scharf sein 
ein Verhalten, welches mittels der »alteren Auffassung» durchaus kein 
Erklarung findet, ebensowenig wie die chemische Analogie zwischen den 
alteren »Leptiteny (Vulkaniten) und jiingeren »Urgraniten» (Primgrani- 
ten) innerhalb mehr oder weniger eng begrenzter Areale irgendwie 
kausal beleuchtet werden kann. Auch mit den rheomorphen Prozessen 
stehen lokale, tiberschneidende Gange im Zusammenhang. 

Die scharfen, »quantitativ untergeordneten Randfaziesbildungen 
mit ihren Leptit-artigen Charakter und ihrer chemischen Zusammenset- 
zung> abweichend von den »Haupttypen der Urgranite» (1, 8. 529) 
sind eine so gewohnte Erscheinung innerhalb der Svekofenniden, dass 
iiber ihre mineralogische und chemische Abnormitét in der »ilteren 
Auffassung» garnicht weiter reflektiert wird. Sie sind namlich feinkér- 
niger, kieselsiure- und alkali-(kali-, resp. natron-)reicher sowie mehr 
felsisch als das Hauptgestein. Theoretischen und experimentellen Er- 
fahrungen nach miissten sich an den Abkiihlungs-(Kontakt-)flachen 
kieselsiurearme Erst- oder wenigstens Friihkristallisationen ausscheiden, 
wahrend hier die Letztkristallisationen ausschliesslich sich breit machen. 
Entweder 1) sind es also keine Abkiihlungsflichen, oder 2) Experiment 
und Theorie haben keine Anwendung im Prikambrium, oder aber 3) 
eine liquide Differentiation zur Grenzfliche hin fand statt, da Assimi- 
lation als ausgeschlossen angesehen wird. Keiner dieser Falle trifft ja 
zu. Nur ein Granitisationsakt gibt eine plausible Erklarung: die Alkalien 
oder Alkalialuminate oder-Silikate als partielle und meistbewegliche 
Partner der »Emanations)-Masse stauen sich an der impermeablen 
oder wenig permeablen Anisotropie- und Grenzfliche an und ver- 
schieben dadurch den urspriinglichen Chemismus in Richtung eines 
Vulkanites. In jedem Falle aber entscheiden zu kénnen, was fiir ein 
Ausgangsmaterial dem Granitisationsakt ausgesetzt gewesen ist, diirfte 
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ir nach eingehenden regionalen Untersuchungen mit spezieller Ziel- 
tzung gelingen kénnen. 
Zu den Erscheinungen, die an ausgepriigte, und zwar dichtliegende 
nisotropieflichen des Wirtmaterials gebunden sind, gehort auch 
us Adergneisphinomen. Die Adergneise sind so oft mit mehr oder 
eniger eingehenden Details beschrieben worden, dass sie ziemlich 
nmiitig als mechanisches Paradoxum vom Standpunkt der »ilteren 
uffassung» bezeichnet worden sind. Dass das Phinomen in gewissem 
wsammenhang mit speziellen Augengneisen auftritt und regional an 
wisse bestimmte Wirtgesteine gebunden ist, diirfte wohl allgemein 
igegeben werden miissen. Weniger allgemein scheint die Erkenntnis 
i sein, dass das Feldspat-(Quarz-)Material der Adern nur eine diussere, 
cht entfernte Ahnlichkeit (betreffs Korngrésse des Feldspats u. a.) 
it echten pneumatolytischen Pegmatiten hat, jedoch genetisch von 
nen recht verschieden ist, wie u. a. von SCHEUMANN (31) wiederholt 
‘aftig unterstrichen wurde: das regionale Feldauftreten gibt die Ader- 
veise als Bildungen recht bedeutender, mit dem Granitwerden gleich- 
ufenden Tiefen an, wihrend die echten Pegmatite schon stark von der 
lgemeinen Abkiihlungsfliche abhingig sein sollen; zudem haben in 
mn Adergneisen die postulierten fliichtigen Bestandteile, die gerade in 
esen Tiefen Veranlassung zum Auftreten retrograder Siedezustinde 
‘ben sollten, keinerlei Spuren hinterlassen. Ferner verlangt die innige 
t-par-lity-Verzahnung des injizierten Neumaterials mit dem aufge- 
atterten Wirtgestein nach der »alteren Auffassung» einen sehr hohen 
liissigkeitsgrad, also in Anbetracht des vorhin gesagten sehr hohe 
emperaturen des ersteren, wihrend der mechanische, chemische und 
ineralogische Zustand des letzteren wohl keiner dieser Bedingungen 
itspricht oder entsprochen hat. Schliesslich betrigt das Neumaterial 
sr Adern in dem typischen Adergneis, mengenmissig geschitzt, ein 
iertel bis etwa die Halfte des sichtbaren Wirtgesteins; eine entsprechen- 
» Volumenzunahme des umgewandelten Gesteins kann feldgeologisch 
id regional auch entfernt nicht nachgewiesen werden. Die Adergneise 
nden, so ist wohl ziemlich allgemein der Standpunkt des objektiven 
eld- und Laboratoriumbeobachters zusammenzufassen, in der »alteren 
uffassung» ihrer Granitkomponente keine adiiquate Erklarung. 
Mit den alteren Primgraniten sind rel. sparliche und nur recht schlecht 
isgebildete (wenig »typische») Adergneise vergesellschaftet. Das ist 
is zwei Griinden leicht verstindlich: 1) die Anisotropieflichen, fiir 
e Adergneisbildung jeglicher Auffassung richtunggebend, sind primar 
ch wenig scharf und tektonisch nur wenig verschirft und dann mehr 
kal ausgebildet, sie entsprechen meist primiéren Schichtflachen; 
in dem Granitisationsstoff (= »Emanation») dominiert das leichtbe- 
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wegliche (weil von geringerem Jonenradius und weniger mit anderen 
Elementen isomorph liiert?) Natrium, das wenig von den Anisotropi 
flichen zweiten und dritten Grades gebunden und in seinen Diffusions 
wegen gehindert wird; es bilden sich leichter homogene Granite. — Das 
eigentliche Zuschussmaterial der Adergneise sind die Sergranite (—=»spat- 
svionische Granite»), und aus denselben zwei Griinden sind jene gern 
spittektonisch: 1) die urspriinglichen Anisotropieflachen, durch Ther 
mometamorphose leicht verschirft, haben sich innerhalb der Wirtge- 
steine dank den starken und wiederholt gleichgerichteten Deformationen 
eine bedeutende Geltung verschafft; 2) in dem Granitisationsstoff 
(=»Emanation) hat sich bereits das Kalium einen bedeutendej 
Vorrang verschafft (vgl. unten); es ist auch etwas weniger beweglich 
(grésserer Jonenradius?) und respektiert die verstarkten Anisotropie- 
flachen als Diffusionsgrenzen in bedeutend mehr ausgeprigtem Grade. 
Fliessfaltungen verschirfen und verschleiern gern das Bild der Gen 
se. — Aus diesen Betrachtungen, die teilweise direkt an Feldbeobach- 
tungen ankniipfen, geht auch hervor, dass urspriingliche Tonsedimente 
in der Hauptsache als Wirtgesteine von Adergneisen (und einem Teil 
der Augengneise) in Betracht kommen kénnen; denn, wie die Feldbet 
bachtungen, auch an modernem ozeanographischen Material (9), zeigen, 
es sind die Tonsedimente im Detail einem raschen Wechsel der Zusam- 
mensetzung senkrecht zur Schichtung ausgesetzt. Auch die regionale 
Position der Adergneise im System alter Gebirgsketten, sowie der 
Befund am Material selbst, im Handstiick und im Felde, diirfte meist 
ein Tonsediment als Wirtgestein angeben. Die typische Adergneis- 
bildung ist also an vier Spezialbedingungen gekniipft: 1) die der Zu 
sammensetzung des Wirtgesteins; 2) die der ausgeprigten Tektoni 
sierung desselben; 3) die der speziellen Temperatur, bei der die sekun- 
diren Grenzflichen als solche noch wirksam sind; 4) die der Zusammen- 
setzung der »Emanationy (K-Vormacht = »spattektonischer Granitauf 
stieg»). Sie ist also im engeren Sinne ebenfalls eine Funktion der Grenzen. 


Die Selektion. 


Das Verhalten der mannigfachen Sedimente und Primirgesteine de 
Geosynklinale der granitisierenden »Emanationy gegeniiber ist natiir 
lich grundverschieden. Fasst man den Prozess der Granitisation al 
einen passiven Diffusionsvorgang bei wechselnden, auch rel. niedrigel 
(6) Temperaturen auf, so ist er, ausser von der Korngrésse, auch vo 
Struktur, dem Zustand (kristallin—glasig) und vielleicht auch von de 
Art der Zementation des Wirtgesteins abhangig, wie das die Unter 
suchungen der Heliumquantititen in den Gesteinen zeigen (vgl. 23, 36) 
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C die »Emanation» als eine »neutraley Lésung aufzufassen, so ist es 
uptsichlich Korngrésse, Kornform und der Grad der Zementation, 
> bestimmend auf die fortschreitende Bewegung einwirken. Ist aber 
r zuwandernde Stoff aktiv, so veriindert sich sofort die Situation; die 
weilige Zusammensetzung des Gesteins spielt eine entscheidende Rolle 
der stotflichen und mengenmiissigen Zusammensetzung der Wander- 
assen. Kine Art der Komponenten wird restlos fixiert, eine andre wan- 
rt ungestort weiter und wird erst in einem andren Milieu fixiert, mit 
len zwischenliegenden Stufen. Dieses ist, wie der Verfasser stets 
gegeben, schon liingst von andrer Seite festgestellt und nun auch von 
r Kritik fiir eigene Urheberschaft unterstrichen worden (1, $8. 538). 
ass dieser Wechsel der Zusammensetzung nicht regellos sein kann, 
ndern eine gewisse rhvthmische und geregelte Anordnung besitzen 
uss, und zwar in Abhangigkeit von der passierten Weglinge, dafiir 
irgt die iiber gréssere Areale regelmiissige Verteilung der Sedimente 
ngs den passierten Weglingen. Wenn dann aber die Kritik meint 
agen zu miissen (1, 8S. 532), ob nicht fiir jeden Granitkérper 
ine besondere Zusammensetzung der graniti- 
erenden Lésungen anzunehmen,)! ist, so heisst das doch 
e Feldverhiltnisse und die daran kniipfenden Auseinandersetzungen 
s Verfassers auf den Kopf zu stellen. Es wurde vorhin und-auch an 
iheren Stellen nicht scharf dazu Stellung genommen, ob der Prozess 
r Granitisation durch Lésungen oder auf irgendwelchen andren Wegen 
twa durch Diffusion von Gasférmigen? im Festen = »Emanation») 
rsichgeht. Bevor die Beweisreihen fester gekniipft sind, ist das im 
unde genommen gleichgiiltig; fiir den angedeuteten Weg der Lésungen 
eibt es doch immerhin zu bedenken, dass die Spuren des Lésungs- 
ittels, wohl in den meisten Fallen als Wasser zu bezeichnen, nahezu 
Ilstiindig in den meisten Fallen fehlen oder ganz verschwindend sind, 
er aber nur in den dussersten Reichweiten der Einwirkung (beispiels- 
ise bei der regionalen Serizitisierung) gerade noch sich bemerkbar 
vchen und dann als nahezu selbstandige und mit den iibrigen Fixie- 
ngen ebenbiirtige Vorgange registriert werden miissen. Hs scheint 
her widersinnig, einen solchen Prozess mit pneumatolytischen und 
drothermalen Prozessen zu vergleichen und gleichstellen zu wollen, 
ren Aktionsstoffe eine Vorstellung von Lésungen meist konstanter 
emischer Gruppierung bestimmter (wasserreicher) Art erwecken und 
ren Produkte von ganz andrer Gestaltung sind, als die in diesen 
Hen in Frage kommenden. Auch die Begriffe »Ichory und ygraniti- 
her Saft» sind, als mehr oder weniger bestimmte Kristallisationsreste 
anitischer Magmen gestempelt, unbrauchbar geworden, da der Che- 


1 Gesperrt von der Kritik. 
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mismus des Zuschusses, wie wiederholt gezeigt wurde, des 6fteren 
geringstem Ausmasse stofflich, physikalisch und der Position nail 
einem solchen Kristallisationsrest entspricht. Daher ist vielleic 
»Emanationy (vgl. oben, S. 6) als neutraler Begriff die beste Be- 
zeichnung eines »Zuschusses), der durch adsorptive Selektion und andre 
chemische Prozesse stetig und sprungweise in seiner Zxsecn ea 
verindert wird. 

Der Immigration von Stoffen, die in geologischen Zeiten die Gra- 
nitisierung bestimmter stratigraphischer Glieder bewirken, entspricht 
natiirlich auch eine Emigration, deren Umfang, Reichweite und Zu- 
sammensetzung jedoch viel schwerer zu schatzen oder gar zu bestimmen 
ist. Dass sie in gewissen Fallen recht bedeutend sein muss, wurde an 
dem Beispiel der Granitisation des Kalksteins gezeigt. Es wurde dabei 
auch angedeutet (2, S. 330), dass gewisse Stoffe, z. Beisp. Mg, Si u. dey 
bereits vor dem eigentlichen Granitisationsakt fixiert werden und den 
nunmehr allbekannten Prozess der Magnesiametasomatose u. dgl. eim- 
leiten. Wie auch hervorgehoben wurde, ist diese Metasomatose ein 
selektiver Prozess der »Hmanations)-Einwirkung, also nur graduell 
an Stoff (und Menge?) von dem Produkt der Rheomorphose unter- 
schiedlich. Betreffs der mengenmissigen und stofflichen Grenzziehung 
zwischen beiden Prozessen muss dasselbe gesagt werden, was TERMIER 
zu Beginn der Einbiirgerung der Uberschiebungslehre geiussert haben 
soll: »Ce n’est que le premier kilométre qui cotite». Als drittes Moment 
bei der Granitisation muss die lokale Anreicherung von Stoffen her- 
vorgehoben werden, die in dem urspriinglichen Sediment oder Friih- 
gestein sich in einem Zustande extremer, primiirer oder sekundirer (17) 
Dispersion befunden haben. Es sind das vornehmlich diejenigen Stoffe, 
die dem allgemeinen silikatischen Aufbau bei den in Frage kommenden 
rel. niedrigen Anfangstemperaturen (6) der Metasomatose und Grani 
tisation meist fremd sind (z. B. P bei der Granitisation des Kalksteins, 
vgl. 2, 8. 331). Die Anreicherung, oft das Produkt bedeutender rium- 
licher Konzentrationen, kann, wenn sie einigermassen kompakt wird, 
die komplette Granitisation, deren Grenzflichen sie angehort, tibe '- 
dauern und als yunmotivierter» Hinschluss oder Segregation wechselnden 
Umfanges sowie »allochthonery Zusammensetzung ev. sogar praktische 
Bedeutung erlangen. Wenn es dieses ist, das die Kritik durch die 
Worte: »dieser Fraktionierungsprozess, den der Verfasser entdeckt hat, 
ist natiirlich etwas ganz anderes als der Granitisierungsprozess det 
BacKLuND meint» (1,8. 541) andeutet, so ist die Grenzziehung, ui 
Wortklaubereien zu entgehen, auch in diesem Falle recht unverstand 
lich, denn es handelt sich hier unzweifelhaft um passive Selektions 
prozesse im Zusammenhange mit der Granitisation. 
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Auch der (»spiitsvionische») Sergranit (= Hangogranit, also der 
rspriingliche Migmatitgranit, vgl. oben, 8. 5) ist das Produkt einer 
lektiven Granitisation, Da das Grundgebirge zur Zeit seiner Bildung 
| grosser Hrstreckung von Primgraniten und den Begleitprodukten 
iner Mise-en-place repriisentiert war, musste in dem stofflichen Bestand 
er zweiten, spiteren »Emanation» durch eine Selektion bedeutende 
mgruppierungen auftreten. Eine Uberschlagsrechnung hieriiber zur 
ewinnung zahlenmissiger Daten diirfte sich nicht allzu komplex 
sstalten. Davon gibt ebenfalls die rel. einheitliche, mikroklinreiche 
usbildung des Granits Aufschluss. Auch die Raumfrage musste wegen 
er vorangehenden, reichlichen Granitisation des Gebirgsgrundes ab 
od zu etwas mehr ausgeprigt mit Anwendung von Gewaltmitteln 
urch lokale tektonische Umstellungen, die jedoch lange nicht den 
ellen Raumdimensionen und Anspriichen der Sergranite vollig ent- 
srechen, gelést werden. Die ausgesprochen reichliche Begleitung 
on Pegmatiten (vgl. oben) ist ebenfalls auf das Konto der Selektion 
1 schreiben. Bei einer Granitisation, beispielsweise von Kalksteinen in- 
erhalb von »leptitischen» Arealen (Malingsbo), dringt trotz allem sowohl 
as sergranitische, als auch das durch urspriingliche Wechsellagerung 
edingte Selektionsbild durch (1, 8. 543). Denn eine Assimilation in 
er alteren Auffassung» befriedigt auch in diesem Falle nicht die Frage 
es Raumes, lisst ausserdem die fortschreitende Zonierung von Neu- 
rodukten an den Kalksteinkontakten der bekannten Beschreibungen 
_ a. v. ECKERMANNS (13, 14) ausserhalb jeder kausalen Diskussion. 
erade die sehr beschrankt lokale Beeinflussung von Graniten durch 
ssimilierte Massen», denen man gemiss den feldlichen Verhaltnissen 
wnz ansehnliche Areale durch Extra- und Interpolation zuschreiben 
jisste, wirkt zumindest befremdend, auch deshalb, weil die Dichte- 
fferenz zwischen »Assimilierendem» und »Assimiliertem» zur beschleu- 
igten Fortschaffung des Uberschusses nach unten zu gering ist. Andrer- 
its scheint bei extremer Dichtedifferenz (Hisenerz-»Leptit»-Granit, 
s1. 1, Fig. 3) kein merkbarer Unterschied im Sinkvermégen, bzw. in 
sr Tendenz zum Fortschaffen der verschiedenartigen »Assimilations- 
ste» innerhalb des granitischen Magmas in Erscheinung zu treten. 

Schliesslich geben die »Basite» (Griinsteine u. dgl.) verschiedener 
osition innerhalb der Svekofenniden, die den »basaltisch-ophiolithi- 
hen» Folgschaften und ihren Tiefenaquivalenten jeweils v ers ¢ hie- 
enen Alters innerhalb jiingerer Geosynklinalbildungen entsprechen, 
n vortreffliches Bild von den selektiven Einwirkungen der »Emanation» 
nd bestiitigen vollauf die Regeln der Gotpscumipt-BoweEnschen 
eaktionsserien. Da in diesen Fiillen die gleichmiassige Zusammen- 
tzung der Edukte (= Basite) recht gut bekannt sein miisste, so wiir- 
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den an der Hand der sehr variierenden und reichen Produkte und ihrer 
Auflockerungsvarianten recht genaue Studien der Sele ktion bzw 
der Metasomatose an ihnen durchgefiihrt werden kénnen. Die Meta= 
somatose bzw. die Selektion baut die genetischen Briicken zu den 
umgebenden Graniten riickwirts wieder auf (vgl. 1, 8. 529), wie auel 
die »ophiolithischen» Intrusionen und Extrusionen als Hinleiter dé 
Aufstiegs der Isothermalflichen Briicken nach vorwarts bauen, 


- 


Schluss. 


Erst nach langem und ernstlichem Zaudern hat der Verfasser in der 
obenstehenden Auseinandersetzung der Kritik gegeniiber das Wort 
ergriffen. Vieles von dem, was vorhin dargelegt wurde, ist bereits mit 
andern Worten und vielleicht mit etwas engerer Zielsetzung von WzEG- 
MANN (41) in klarer Weise zusammengefasst worden. Seine Erfahrungen 
hat der Letztere z. T. aus denselben Feldgebieten, doch vollstandig 
unabhingig vom Verfasser, geschépft, vielleicht in engerer persdnlichet 
Fiihlung mit J. J. SepERHOLM als sonst jemand von der fennoskans 
dischen Opposition, den derzeitigen Verfasser nicht ausgenommen, 
Ein eingehendes Studium von WEemaAnns wichtiger Zusammenstellun 
mit Bezugnahme auf die jeweiligen Feldbefunde, wiirde die Kritik viele: 
Missverstiindnissen enthoben haben. 

Der Verfasser hat, ausgehend von den Gedankengiingen J. J. SEDE R- 
HOLMS, denen er zu Anfang ihrer Promulgation kritisch gegeniiberstan 
und reichlich sich stiitzend auf die Untersuchungen Hoimguist 
EsKOLAS, GEIJERS, MAGNUSSONS u. v. a., versucht, im Laufe eine 
nahezu zwanzigjahrigen akademischen Lehrertitigkeit ein adaiqua 
und einigermassen gleichmiissig harmonisches Bild von der geologische 
Entwicklung des prakambrischen Fennoskandias aufzubauen. Aus d 
Wust widerstreitender Meinungen (vgl. u. a. WEGMANN 41, S. 207: 
»z. B. in Schweden noch jetzt als Liquationstheoretiker vorkommen»), 
aus hunderten von neutral-sachlichen Kartenblattbeschreibungen, aul 
zahlreichen kiirzeren und lingeren, gemeinsamen und solitaéren Exk 
sionen hat er Stiick fiir Stiick, stetig verandernd, modifizierend, ver 
gleichend mit Gebieten andrer temporaler und regionaler Position un¢ 
unabhingig von Landesgrenzen vorgehend, die Bausteine zusammen: 
geklaubt. Fehlerhafte und vorfrithe Deutungen hat er berichtig 
Unwahrscheinliches ausgemerzt, nebelhafte Begriffe schiirfer definie 
‘scheinbar katastrophale Ereignisse zu greifbaren Dimensionen redt 
ziert, unscharf verschwimmende Prozesse versucht innerhalb von Zahlen: 
reihen einzuengen, Isoliertes verkniipft; alles Kleinarbeit, von der ev 
nur die stets wiederkehrenden akademischen Vorlesungen iiber Fenno: 
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andias Gebirgsgrund Zeugnis ablegen kénnten. Endlich hat er den 
ahmen des Aufbaus vorgelegt, an dem, wie er meinte, ein konsequenter 
eiterbau méglich sei. Wie eingangs erwihnt, war der Verfasser 
if eine scharfe Kritik gefasst, dass sie aber auf ein absolutes ynon 
ssumus) gerade von einer Seite, die doch stets der intensiv variieren- 
n Metasomatose eine iiusserst ausgiebige Bedeutung in dem Grund- 
-birge Schwedens zuerteilt hat, und in der Form einer absoluten Ab- 
ehr auslaufen sollte, war weniger zu erwarten. Um so weniger, als 
ne deutliche Konvergenz der Deutungen hier und, trotz einer 
wissen Vorliebe fiir altere Schemen, auch dort auf nahezu jeder 
ite der Kritik Dr. Maanussons herauszulesen ist. 
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Minerals of the Varutriisk Pegmatite. 


X. Spodumene and its Alteration Products. 
By 
PERCY QUENSEL. 


(MS. received March 19th, 1938.) 
Spodumene was during the first two years’ work at Varutrask only 
ind in a few stray specimens and was consequently thought to be 
rare occurrence. During more extensive quarrying in 1936—1937 
nsiderable quantities of the mineral were however brought to light, 
was also the case with amblygonite and petalite, so that now hundreds 
tons, principally containing these minerals, have been recovered 
ym the eastern quarry and heaped. 
Like several of the other Varutraisk minerals, spodumene occurs in 
fering modifications. The first specimen found was semitransparent 
a wine-yellow colour. This type has as yet only been found in one 
ore specimen and is evidently of rare occurrence. The later and greater 
ids are translucent to opaque and of a milky white colour. 
Parts of the larger masses of spodumene show a distinctly columnar 
ucture, other parts are developed in lamellar or tabular forms. In 
e eastern quarry many individual crystals attain huge dimensions. 
g. 1 shows a single crystal measuring over 1*/, m in length, and still 
upper part is not preserved. The diameter of this individual is be- 
een 25 and 30cm. The spodumene of Varutrisk is often very much 
sermixed with quartz; many single specimens are found to consist 
only these two minerals in about equal proportions. 
Cleavage is in the more massiv forms especially prominent after 
)0), occasioning the pronounced tabular structure of this modification. 
.e more slender columnar crystals show well defined prismatic faces 
d good cleavage also after (110). 
The optical properties show no divergences in the different types. 
Refractive indices: a = 1.661, 8 = 1.666, y = 1.676, y— a = 0.015. 
Two analyses on the two different types of spodumene from Varu- 
isk have been executed by Miss Berceren, which show that the two 
sdifications are also chemically practically identical. 


14—380060. G. F. F. 1938. 
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1, Zi 

H,0< 100%." os. Hosevas oP i ae 0.06 0.07 
HO 100%. os or © Gee 0.48 0.24 
SiOe Sw, oe oh tel ona Ries eae 64.89 64.34 
TO sees 6 Re Chas Se 0.00 0.00 
ht or i 26.74 27.01 
TIGL Og i Gost as set vs 8 5 0 Piven 0.57 0.24 
BOs es SON seat ee ee 0.04 0.00 
MnO Ws. 1091.2 2 ed ea ee ee 0.01 0.01 
CaO) i IN.. ea oe 0.00 0.00 
MgO 4 4 Soe ee ee 0.00 0.00 
50 MeINTh Gn’ é 7074 ee ee 0.16 0.08 
INa.0 273 0 250s 2 tlh es, oe 0.05 1.04 
LAO. a ete, 8 ee 719 7.00 
100.12 100.03 

Sp. G2. eed Bia. 4 ab aS 3.163 3.130 


1. .Spodumene, Varutriisk. Semi-transparent, wine-yellow type. 
2. Spodumene, Varutrisk. Opaque, milky white type. 

The complete absence of CaO and MgO in both analyses as wel 
the low content of FeO and MnO show the spodumene of Varutrask 
be of exceptional purity. The proportions of the three principle cot 
ponents in both analyses come very near the theoretical compositi 
for spodumene, which requires 64.5 SiO,, 27.4 Al,O; and 8.1 Li,O. 
somewhat higher content of Fe,O, in the semitransparent type, ar 
no. 1 above, is of interest as a higher amount of Fe,O; is characteris 
of the gem varieties kunzite and hiddenite, towards which this type t 
its semitransparent development shows a tendency to converge. 


At Varutrask the spodumene has frequently succumbed to intensr 
hypogene alteration, as also reported from so many other similar locg 
ities. Reviewing the literature on alteration products of spodumer 
one meets only few detailed descriptions of the decomposition processé 
in most cases a short notice that spodumene has been found highh 
altered to some clay substance, to pinite or killinite or other vaguel 
defined secondary products is all that is given. A short recapitulation 
of the rather scanty literature on the subject can be conveniant 
have at hand and may therefore preceed the description of the altera 
tions at Varutrisk. 

From the pegmatites of Goshen and Chesterfield, Mass., JULIED 
has first in 1879 given a detailed description of the alteration of spodu 
mene. The following year BrusH and Dana’s excellent investigatio 
on the same subject, relating to the pegmatites of Branchville, appeare 
in print. The alteration products at the former locality were accordin 
to JULIEN cymatolite and killinite, analyses were given for both thes 
minerals and formulas calculated. BrusH and Dana? have, howevel 


1 Ann. N. Y. Acad. Se. 1, 1879, p. 18. 
2 Am. Journ. of Sc. 20, 1880, p. OB. 
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mclusively shown that the corresponding cymatolite from Branch- 
Ne is not a definite mineral but only »a remarkably uniform and in- 
mate mechanical mixture of muscovite and albite». The same authors 
scribe another alteration product ‘of the Branchville spodumene under 
e name of B-spodumene, at first sight also an apparently homogeneous 


gy. 1. Large Spodumene Crystal, Eastern Quarry, Varutrisk. Over 1*/, m in length. 
Upper part fresh, lower part, below broken line, highly altered to cimolite. 


bstance which seemed to mark the first step in the alteration. Further 
idies showed however that also this substance was an intimate mecha- 
sal mixture of two minerals, eucryptite (Na-nephelite) and albite. 
:UsH and Dana further name killinite as a third alteration product of 
odumene from Branchville but come to the conclusion that this 
ydrous silicate of aluminium and potassium, ordinarily included 
1ong the pinite group of minerals» is a »more or less impure material, 
ving the same want of homogeneity and definite composition that 
so often observed among the minerals of the pinite group». It 
8 however considered to be formed immediately from the original 
»dumene, since it so commonly showed its cleavages. Lastly a 
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fourth alteration product is described as montmorillonite, occurring 
so intimately with spodumene that it is presumed to owe its origi 
to that mineral. 

Of other authors, who have dwelt on the alterations of spodumen 
I will restrict myself to those of later date as inbetween very little ¢ 
any consequence has been published. 
' Lanpes? mentions incidently that spodumene of the Maine pegma- 
tites is often intensly kaolinized. Often the original structures of the 
spodumene are preserved, giving a true pseudomorph of kaolin afte 
spodumene. JunxKs? speaks of pinite as a dull green replacement of 
spodumene from Collins Hill, Portland, Conn., working in from erysts 
boundaries or along cleavages. A nearer description of the alteratic 
product is lacking. 

Scuwartz and LEonaRD® give an interesting series of analyses 
lating to the alteration of spodumene from Etta Mine, 8. Dakota. 
more complete stages of decomposition are described as »correspondin, 
closely to the descriptions of killinite». Some optical observations, prit 
cipally indices of refraction, are given, but it is difficult to form ai 
opinion of the so called killinite as a mineral species. The name killinit 
was given already in 1836 as an alteration product of spodumene fron 
Killiney Bay‘ in Eire, but hardly specified as a definite mineral. 
|. Later Scuwartz® has described an alteration of spodumene to kaoli 
nite, also from Etta Mine, which in this connection is of special interest 
as two different alteration products of spodumene from the same locality 
have been identified, which both show near chemical relationship te 
the alterations of spodumene at Varutrisk. 
The alteration products of spodumene at Varutrisk are especially 
conspicuous in the large quarry of 1937 on the eastern wing of the peg 
matite. The photograph in fig. 1 shows, as already mentioned, a large 
spodumene crystal, over 1/. m in length. The upper part of the crystal. 
over the dotted line, is perfectly fresh, so also the horizontal side im 
dividual. The entire lower part of the crystal, from the dotted lix 
downwards, is on the other hand found to be completely altered to 
clay-like substance of a light grayish-green colour. Nearby a very dif 
ferent alteration in the form of coarse, laminated aggregates of a gree 
mineral as complete pseudomorphs after spodumene is found. It ma. 
be said that on the whole the alterations of spodumene at Varutras! 
are of a varying character. . 


1 Am. Min. 10, 1925, p. 396. 

2 Am. Journ. of Se. 30, 19355. 195: 
* Am. Journ. of Se. 11, 1926, p. 265. 
4 THomson, Min. 1, 1836, p- 330. 

5 Am. Journ. of Sc. 23, 1937, p. 303. 
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In proceeding to describe these different alteration products it will 
> found most opportune first to deal with the chemical side of the 
roblem and after that to discuss the mineralogical properties of the 
fferent species. This sequence is taken as the analytical work in this 
stance gives surer indications than the microscopical determinations, 
hich in consequence of the finely dispersed material in many Cases are 
areliable. ~ ; | 

Four complete analyses of the principle types of altarations, LA, IB, 
J, ID below, have been executed by Miss Beraaren. One of the 
1alyses above of the fresh spodumene is given under 1 for comparison. 


ie 1A. 1B. 1C. 1B): 

OS a re 0.07 8.77 7.69 3.32 2.47 
MEAN PO ce ka et 0.24 LT 5.62 11.94 8.90 
ea 64.34 54.71 GOI 44-08 47.05 
Oe 0.00 0.00 0.00 0.00 0.00 
Me hae why E 27.01 20.65 16.95 33.77 17.66 
i 0.24 0.95 0.95 1527 1.56 
MPS oo eae es es 0.00 0.33 0.33 ag Sai! 
Nr Podme (id atte Ventas Ns 5 3 0.01 0.05 0.04 0.02 0.07 
ME ii os es os aes ses 0.00 155 112 0.50 0.00 
PPR OWES So ig rm ey 88 0.00 3.41 Sa 1.79 6.65 
a et ae ee 0.08 2.18 2.82 0.88 0.19 
oo) LD eee ae 1.04 0.29 0.48 0,27 6.04 
ot 8 Sa 7.00 0.28 0.45 0.53 0.13 
MSP Sets se wk SK -- 0.03 0.01 = = 
SPIRE rs ont ee. CSS - 0.00 0.00 0.00 ; 
9 CCR. ae a a ar _ 0.03 - 0.04 0.36 0.00 
DS Se eae _- 0.60 0.00 0.00 — 
100.03 100.40 100.08 99.84 100.23 

Sy ES a ee 3.130 2.205 2.383 2.533 2.431 


|. Unaltered spodumene, Varutrask, analysis 2 above (p. 202). 

\. Cimolite, alteration product of large spodumene crystal, (fig. 1), Varutrask. 
3. Cimolite, mottled variety, Varutrask. 

. Kaolinite, pseudomorph after spodumene, Varutrask. — 

). Soda-killinite, heterogeneous alteration product of spodumene, Varutrask. 


It is not altogether easy to discuss the analyses above from a miner- 
ogical point of view. Some six dozen or more names have by dif- 
rent authors and at different occasions been applied to varying spe- 
es of secondary hydrous aluminium silicates from different localities, 
| more or less connected with the so called clay minerals. Hows for 
‘ample gives the names of 61 species up to 1914, all belonging to this 
otly assembly, and many more have since then been added. Of late 
ywever attempts have been made to try and bring some order in the 
mfusion of names, species and varieties, and with the help of structural 
\d optical determinations, combined with chemical analyses, to single 


1 J. A. Howr, Handbook on Kaoline etc. London 1914. 
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out and define such species as are to be considered as distinct min 
erals.! 

The first difficulty in calculating the analyses above is the question 
of how to handle the often not insignificant amount of monoxides. The 
trend of American authors of later years has been to separate pure clay 
minerals from the so called bentonitic clays, the former represented bj 
the general formula hH,0 : Al,O, * sSiO,, the latter by hH,O -rRO - Al,O,* 
+sSiO,. Tomxkererr has in his elaborate recalculation of 689 clay ana: 
lyses, perhaps somewhat arbitrary, drawn the separation line at 10 % 
impurities, discarding as true clay minerals those that show more tha 
10 % R,O and RO oxides combined. The latter are referred to the 
bentonitic clays, which in their turn grade into the group of hydro- 
micas (illite)? and thence on to true micas. ToMKEIEFF* characterize 
the three groups as follows: 


Pure clay minerals RO = O R,O = Q 
Bentonitic clays RO < H,0 R,0 small amount 
Micas RO > H,0 R,O considerable amount 


A second difficulty arises concerning the content of H,O in the ana- 
lyses. Most older and many new analyses fail to differentiate the water 
below and above 105° and, besides that, uncertainty still rules con- 
cerning the réle of the water in many minerals of the group. To ascertain 
something in this resepct concerning the analysed material from Varu- 
trisk, successive dehydration was undertaken on the alteration prod- 


ucts of analyses 1A and 1B with the following results: 


% % 
30°=-40o Vics wean OS, ce ho Ronen as 1.82 1.68 
BO° 2 ska renee han kee ee 138| 12 
(Ti ewig ae, eee bem: ES 1.84) 6.64 1.71) 6.68 
OMIM tt agar fy 1.51 1.73/ 
LOE > aris hoa ae ee ot ee ee 0.29 0.22 
TODO aera S.J te ed 0.81 0.72 
ne SRR a ET ne eget ae ee 13 0.79 
Be yh ar Se TE ae MeL Pe ae ek on Ly 0.36 
BOO Scio caer ans) un er ae a 1.73 7.08 0.24 5.67 
1215) | lr de eA RE RS LA ae 4: 3.64 2] 
ARQOOP ee Wik: bes usu ts Seagitede gee 0.00 0.00 


Both samples give somewhat lower H,O < 105° than the complete 
analyses above, but this was anticipated as the sample for dehydration 


1 Cfr Ross and Krrr, U. 8. Geol. Survey, P. P. 165, 1931. 
Ross and SHannon, Journ, Wash. Ac. of Sc. 15, 1935. 
Wuerry, Am. Min. 10, 1925. 
TomxKEIErr, Min.,-Mag. 23, 1933. § 
Riss, Cuays, their Occurrence, Properties and Uses, NewYork and London 1927 
Ross and Kerr, Journ. of Sed. Petrology, 1, 1931. 
2 Grim, Bray and Brapiey, Am. Min. 22, 1937, p. 813. 
8 1. c. p. 475. 
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vas not ground as fine as for the analyses, this to avoid hygroscopic 
eaction. In both the series of dehydration a marked minimum is 
sible at 105°. In discussing the mineral constitution it seems there- 
ore most appropriate to reckon only with H,O > 105°, but in the tables 
yelow values calculated with total H,O are also given for comparison. 

As the first three analyses (1A, 1B and 1C in the table above), con- 
orm with TomKererr’s demand on relative purity for his method of 
alculation (under 10 % impurities), I have for these three analyses 
alculated his ratios h and s, being the molecular ratios H,O : Al,O; 
ind SiO: Al,O,. The ratios work out as follows: 


Analysis 1A. 1B. 10, 
Iho (Es Aye Soe Pe een nee 1.94 1.88 2.00 
Co el ag? es Be re ee 4.45 6.04 2.22 


As might be presumed by megascopic as well as by microscopic 
xamination, the two first analyses show near relationship, whereas the 
hird indicates a marked divergency. In TomKererr’s diagram 1A and 
|B lie near eachother in the region where the »cimolite field imper- 
septibly passes upward into the field of montmorillonite», with a ten- 
lency, (because of somewhat high s ratio), to approach the corresponding 
ield within the Fullers earth group. The third analysis 1C indicates 
, mineral belonging to the kaolinite group, sensu strictu. 

The two first analyses of the alteration products of the Varutrisk 
spodumene, (1A and 1B), may therefore chemically be classified as 
yelonging to the cimolite-montmorillonite group. This group, however, 
shows a great variety in composition. According to ToMKEIEFF h 
varies from 2.4 to 7.4 and s from 2.8 to 5.6 within the montmorillonite 
xroup only. The essential amounts of RO and R,O oxides in many 
minerals of these groups cause them also to grade into the group of 
yentonitic clays. The relatively high content of RO—R,O oxides in 
he two analyses here in question indicate a transitional position also 
1ere to the bentonites. 

The third alteration product, 1C, is chemically well restricted as be- 
onging to the kaolinite group. Mineralogically the chemical fixation is 
nsufficient, as at least three definite mineral species belonging to this 
rroup, with identical chemical composition and very nearly identical 
yptics but with different latice structure, have of late been identified.” 
The discussion so far is however given from a wholly chemical point. 
We will below deal with the alteration products from a more mineralog- 
cal point of view and in that connection return to the position of this 
hird species. 


1 Cfr. Ross and Kzrr, U. S. Geol. Survey, P. P. 165, 1931. 
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The fourth analysis, 1D, shows 23.92 % RO and R,O oxides ang 
must therefore, definitely be classed in the group of bentonitic clays 
according to the general formula hH,O -rRo- Al,0,°sSiO,. ToMKEIEFERS 
ratios for the mineral would be: 

h — 3.45 r— 2.20 s — 4,28 


Only reckoning with the h — s ratios, the mineral would fall near the 
two first analyses, (1A and 1B), in the field of cimolite — montmorillo 
nite, and might therefore be said to represent a bentonitic equivalent 
to the two other and purer alteration products. The term bentonite 
has however been restricted to decomposition products, derived from 
voleanic ash. It is therefore no longer a mineralogical name, but signifies 
a complex and characteristic alteration of pyroclastic material, involving 
hydration, devitrification and leaching of alkalies as well as other bases# 
Montmorillonite and beidellite are considered chief components. In 
any case this fourth alteration product of the spodumene at Varutra. 
seems to denote a destinct and specific decomposition, characterised b 
high bentonitic contents of R,O and RO, amongst which Na,O and Fe 
are prominent. 

We have above discussed the 3 first analyses exclusively as pur 
hydrous aluminium silicates, leaving out of reckoning the content of 
R,O — RO oxides, as TomKztEFF has done in his diagramatic handling 
of the problem. This may be permissible to get a general idea of the 
mutual relations of the different subspecies, but is hardly passable fro 
a strictly mineralogical point of view. As we however know little of the 
allotement of the monoxides in the clay minerals, there seems only two 
ways of recalculating the analyses in a uniform way, free from specula: 
tive suppositions. The one is to reckon with Al,0, being substitute 
not only by Fe,0;, but also by the united R,O — RO oxides, the othe 
is to calculate the analyses according to the general formula hH,O 
r(R,0, RO) - Al,0,-sSiO,. The results of such recalculations of the 
four analyses of the alteration products are given below: 


I. Calculation according to the formula: h(H,0 + 105°) -r(R,0, RO, R,O,) - sSi0,. 
Anal. 


AS JSG vaecehmeeee H,0 : (RO, pa R,O,) : SiO, = 1.3831: 3.15 
EB ade, bo e » wis 13851 s443 
erence hreE e » » » =1.78:1:1.97 
DEA eae » » » =1.56:122.47 
Same calculation, but with total H,O, (+ and — 105°). 
US Geo aoe H,0 : (R,O, it R,0,) : SiO, = 3.06 : 1: 3.15 
ie a » » =2.95:1:4.43 
ORE ARN Ces » Sp » =2,27:1:1.97 
HINO. oof Se aire » » » =1.99:1:2.47 


oe Riss, Clays, their Occurrence, Properties and Uses. New York & London 1927. 
p. ; 
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II. Calculation according to the formula h(H,0 + 105°) : r(R,O - RO) - R,O, - sSiO,. 
nal. 


>. Eel pe: (R,0, RO) : R.O,: Si0g = 1.91: 1.16 : 1: 4.37 
| Se » » » =1.81:0.94:1:5.82 
Ll Sa eee ae » » » » =1.95:0.29:1:2.16 
1: Slee chee tal ast aia » » » » = 2.71:2.20:1: 4.28 
Same calculation, but with total H,O, (+ and — 105°). 
CL H,0 : (R,O. RO) : RO, : SiO, = 4.24: 1.16: 1: 4.37 
SS eo » » » » =8.88:0.94:1:5.82 
gh a eae » » » » = 2.50:0.29:1:2.16 
) ee » » » » = 8.45: 2.20:1; 4.28 


Taking the calculation II above according to the formula hH,0- 
R,0, RO)-R,0;*sSiO,, with only H,O > 105° included, as at pres- 
nt best expressing the nature of the mineral composition, all four 
yecies have also in this mode of reckoning on the whole retained their 
osition in ToMKEIEFY’ classification. 

Analyses 1A and 1B may therefore be said, even in different ways of 
uleulation, to refer respective minerals to the cimolite group, nearest 
answering to the formula 2H,O-Al,0;°4Si0,. The slightly higher con- 
nt of SiO, in 1B is probably due to a small content of colloidal silicia.t 
imolite however does not belong to the well specified clay minerals, 
ven if analyses have been published, more or less answering to the 
1eoretical formula above. The question arises if it would not be more 
Jequate to refer cimolite to a series of more or less hydrated pyrophyl- 
te, as already indicated by TomKEreFF. LoEvinson-Lessinc? has from 
yshminsk described a mineral under the name pseudo-pyrophyllite 
ith H,O : Al,O; = 2:1. At any rate the low percentage of H,O >105° 
ccludes the two first alteration products, as represented by analyses 
A and 1B, from montmorillonite, as even counting with total H,O 
mtent, the ratio H,O : Al,O, stays round 4 instead of 6 for montmoril- 
nite proper. We may therefore conclude that the most usual alteration 
*spodumene at Varutrisk results in the formation of a clay mineral, 
its chemical composition nearest corresponding to cimolite with the 
rmula 2H,O- Al,O;-4Si0,. 

The third analysis 1C need not be rediscussed in this connection, as 
shows only an insignificant content of R,O — RO oxides and retains 
$ place in the kaolinite group. Also concerning the fourth analysis, 
), there is nothing to be added from a chemical point of view. Be- 
use of the high content of R,O — RO oxides it was from the beginning 
erred to the group of bentonitic clays, and the calculated r ratio 2.20 
nelusively places this alteration products, as far as its chemical 
mposition is concerned, in this field. The surprisingly high content 


1 Cfr. Porter, U. 8. Geol. Survey Bull. 315, 1907, p. 268. 
2 Z. fiir Kr..28, 1897, p. 516. 
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of Na,O against K,O is however a feature of significance, which will b 
discussed below in connection with the paragenetic side of the proble 

For comparaison and convenience a synopsis of proposed formul 
and known indices for the principle kaoline minerals is here appende 


The Kaoline.Mineral Group. 


Indices 
a B 

Oolivyrxtcrem at eee Al,O,-4 SiO,-4— 6 H,O 1.542 
Allophane =o  -.)5 & Al,O,-1 SiO,-4—10 H,O 1.47—1.49 
IN DOL e aren ys bs. osm e Al,O,:2 SiO0,-2 H,O 1557 1.652 
DIOKIG 56.3 a a » » » 1.560 1.562 
Kaolinite. oF 2% » » » 1.561 1.565 
Elalloysite gite ated 2 lees Al,O,-2 SiO0,-4 H,O 1.538—1.557 
everricrit€ <a saul sw os RO -Al,O,-2 SiO,-4 H,O 1.6 
Amauxite .. . 6 5 ss Al,O,-3 SiO,-2 H,O 1.559 
TUG MR eeu is eek A aloe 1 RO AI,0,-3 SiO,-1} H,O 1.565 
Beidellite.s g. +. vase, - ss Al,O,-3 SiO,-4 H,O 1.494 
Pyvophyilites <0. sos Al,O;-4 SiO,-1 H,O 1.552 
Cimolites>) aa; 2.8 Al,0,-4 SiO0,-2 H,O 1622. (i623) 
Montmorillonite .. . . (RO)-Al,0,-4 SiO,-6 H,O 1.493 
Smectiteyens ick. oo vee Al,O;,°6 SiO, 1.403 
Termierite: 2.) +. 4. 4 Al,O, +6 SiO, 


The whole discussion of the secondary alterations of spodumene has 
as yet been delt with from a purely chemical point. We will now turn 
to the mineralogical side of the problem. 

Beginning with the most common alteration, the large crystal, fig. 1, 
gives a good example of the whole process, restricted within the limits 
of one spodumene individual. The whole lower part of the crystal is, 
as already mentioned, completely changed to a soft greenish clay-like 
substance (anal. 1A), that can easily be detached by hand. After only 
a day indoors it hardens and becomes brittle. Under the microscope 
it is seen to be homogeneous, consisting of a finely dispersed network 
of slender prismatic crystals. A good basal cleavage is generally ob- 
servable. The mineral is optically negative with large axial angle 
Refringence was found to be: 


@— lps = ebae y—a= 0.007 


A comparison with known indices of minerals, to which this species 
chemically is nearest related is given below. 

The transition from the perfectly fresh upper part of the spodumen 
crystal to the wholly decomposed lower part is singularly sharp. At 
intermediate zone of only some 10—15 cm divides the fresh materia 
from the complete alteration product. The material of this transiti¢ 
zone is of interest as it shows the process of alteration in different stage 
In thin section one here meets a very heterogeneous product wit 
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ests of fresh spodumene dispersed amongst at least two different clay 
ninerals, of which the one is the same as the secondary mineral described 
bove (cimolite), the other to all evidence is halloysite. The latter min- 
ral is wholly isotropic with essentially lower index of refraction, 
1 < 1.50, (halloysite according to Larsen: n = 1.470—1.542). | 

At least megascopically an alteration product of spodumene found 
earby on the northern wall of the large quarry of 1937 is somewhat 
liverging in appearance. The pegmatite mass is here composed of huge 
mblygonite crystals, (cfr. this journal 1937 p. 457 and fig. 2), masses 
f quartz, rubidiummicrocline, cleavelandite and smaller amounts of 
etalite and spodumene. The spodumene is partially or entirely altered 
oa hard and brittle secondary product of a light green or mottled green 
nd pink colour. Under the microscope it is seen in general to consist 
f a homogeneous substance, dispersed in minute flakes or, more spar- 
ngly, in narrow, fibrous streaks. Sometimes or rather in some sections, 
few larger grains of another kaoline mineral with distinctly lower re- 
ringence (halloysite?) are to be observed. Of the dominant alteration 
roduct, (anal. 1B), the following refraction indices were found: |~ 


@ ==1.622 y = 1.534 y —a = 0.012 


As is to be expected the indices of the two alteration products handled 
bove show values between those of pyrophyllite and montmorillo- 
ite between which species the chemical analyses definitely seems to 
lace them. As a hydrated subspecies of pyrophyllite the indices are 
ywer than for that mineral, but distinctly higher than for the still higher 
ydrated montmorillonite, as seen below: 


(74 ; ¥ ym 
135 COyE LIAS A Ne aos eo 1.552 1.600 0.008 
Cimolite 1. (as above) .......-. 1.538 1.544 0.008 
Cimolite 2. (as above) ........- 1.522 1.534 0.012 
Mantmorllomite . st. % 2s sts 1.493 1.516 0.023 


Cimolite as a mineral species is as yet but vaguely defined, and optica 1 
eterminations are unsatisfactory. Larsen gives in this tables 1.51 as 
vedium index of refraction, other and more exact values are hitherto 
icking. I have above used the name cimolite without pretention of 
haracterising the mineral as a definite species. The principle reason 
as been that the chemical composition places both species in the cimo- 
te field of TomKEIEFF’s diagram, nearest corresponding to the theoret- 
al formula 2H,0-Al,0,°4Si0,. The possibility must however be left 
pen that the apparently homogeneous mineral in reality may represent 
very intimate mechanical mixture of several ingredients, as was found 
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with cymatolite from Brancheville. DirrLEeR* presumes that the cime 
lite from Bilin may represent an aggregation of minute anauxite flakes 
consolidated by a SiO, gel. 

We now come to the third type of alteration of the Varutrask spodi 
menes as represented by analysis 1C. This already megascopicallh 
distinct species is found only some few meters from the large spodumen 
crystal described above. The alteration product occurs in the form of 
coarse, laminated aggregates. Individual crystals reach over one er 
in length and represent to all appearance complete pseudomorphs a 
spodumene. The secondary mineral is dark olive-green of a greasy} 
lustre, its hardness is only about 2. Microscopical and chemical exam 
ination coincide in classifying also this mineral as belonging to the cla: 
minerals, though in quite other development than in the cases relatet 
above. 

Determinations of refractive indices gave: 


a = 1.543 y = 1.556 y—a=0.013 


As the mineral according to the analysis 1C belongs to the kaolinite 
group, we can restrict ourselves to discuss its mineralogical position im 
the light of Ross’ and Krrr’s recent subdivision of this group with the 
minerals nacrite, dickite and kaolinite as distinct and structurally well 
defined species. For these minerals the following indices are given: 


Nacrite Dickite Kaolinite Anal. 1C, Varutriisk. 
Une; 1.560 1.561 1.543 
1.563 1.566 1.566 1.556 
0.006 0.006 0.005 0.013 


The Varutrisk species has evidently distinctly lower indices than those 
recorded by Ross and Kerr for any of their minerals of the kaoline 
group. In overlooking the optics of the kaoline minerals in general, 
I found no nearer coincidence with Varutrisk 1C till I came upo 
Scuwartz’ and Leonarp’s paper? on the alteration of spodumene in the 
Etta Mine of S. Dakota. Six analyses are there published, representing 
ya gradation in hand specimens from perfectly fresh material to the 
most altered that could be found». The indices given for the most altere¢ 
material are a = 1.541 and y = 1.563 against 1.543 and 1.556 resp. im 
our mineral. The unusually low values for a are almost identical. The 
relatively high content of R,O and RO oxides in the Etta Mine materia 
which is described under the name killinite and said closely to resemble 
the killmite from Branchville as described by Brusu and Dana, bring 
however that product into the group of bentonitic clays, whereas th 


ais M: P.M. 39, 1928, p. 92. 
* Am. Journ. of Sc. 11, 1926, p. 265. 
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ptically corresponding mineral from Varutriisk is essentially .a true 
rember of the kaolinite group. ay 
Scuwartz has, however, as already referred to above, later described 
pure kaolinite alteration of spodumene from the same locality, .and 
ives the mean refractive indices for the same to be above 1.550 and 
elow 1.553, observing that this is »somewhat low for kaolinite», These 
alues for the mean index might however indicate full correspondance 
ith our alteration product 1C at Varutrisk. As also the two analyses 
re all but identical, it seems very possible that we are dealing with 
he same alteration product from two widely separated localities of the 
ame character. 

The two closely corresponding analyses are for comparison reproduced 
elow: 


Anal. 10 Kaolinite 
Varutrisk. Etta Mine 
er On ae it Sate eee oe 3.32 3.09 
EO FORM Sie kK ee eee 11.94 ows 
ST Se ei oe a, age ee 44.08 ee 
YAY hee i Senge Meee dinnd i Pea gt aon 35.35 
ys Coen tae ae eee Le7f 39-04 ot 35.49 
Go) Sh e-2 RAS ee, ears Gee ee Coe 0.10 
TOT Ye aig iene, Ps eee stn a SP 0.02 —_— 
COCe malo er. cet eos eal 0.50 0.60 
ECS PLAT, Soom ENG Aa eee 1.79 0.51 
Oe AULT tae: (set eee 0.88 0.73 
URACE engade cae ty. tas, idersacan 0.27 0.12 
ROR aie ah is ath kn at 0.53 tr. 
12g) See x geen Gee i To Semen a , 0.36 — 
99.84 100.17 
Stet see aut ta fe er Me. va ws 2.553 2.514 


To try and definitely locate the mineral 1C within the kaolinite 
roup, prof. WEesTGREN kindly undertook to take some X-ray difraction 
hotos. Though an excellent X-ray pattern was obtained, it has been 
und necessary to await comparative material, kindly promised from 
.S. A., before drawing definitive conclusions. For the present it 
ust suffice, that a mineral of the kaolinite group also partakes as an 
tteration product of spodumene at Varutrask. 

The fourth type of alteration of spodumene at Varutriisk (anal. 1D) 

under the microscope found to be impure. It is seen to consist of at 
ast 4 different minerals. The first and in some thin sections the prin- 
ple ingredient one would at first sight take for rests of a slightly 
ianged and pigmented spodumene, retaining the high refraction and 
refringence as well as the characteristic contures and cleavages of 
lis mineral. The nearly total absence of Li,O in the analysis excludes 
owever this possibility. It has as yet not been possible to identify this 
mmponent. One might be tempted to presume the presence of a homo- 


and 0.78 Na,O against 0.19 K,O and 6.04 Na,O at Varutriisk indicate 
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geneous Na-spodumene, an alteration product where Na has substitute 
Li in the spodumene molecule without any further breakdown of the 
mineral in the sense of BrusH and Dana’s £-spodumene, which resulted 
in the formation of an intimate mixture of eucryptite and albite. 
this connection it may be remembered, how easily many lithium minerals 
for example petalite, spodumene or lepidolite, give off their content of 
Li,O and absorb Na,O, CaO or MgO, when only heated to a certain 
point with the corresponding sulphate salt. Technical methods for re- 
gaining Li out of these minerals in this way have during the last yea 
been patented (for example 1935 D. P. 616 397). According to the de. 
scription of the patented processes, instead of Li,O an equivalent amount 
of Na,O, CaO or MgO enter the molecule without change of the othe: 
constituents, (Al,O; and §10,).? 

Two other components of this fourth alteration product are a min- 
eral belonging to the kaoline group, probably identical with cimolite as 
described above, and the same isotropic clay mineral which was found 
in the transition zone between fresh and altered spodumene of the large 
crystal and there taken for halloysite. A fourth component has all the 
characteristics of a hydromica and is probably illite. 

One is tempted to seek the nearest parallel of this alteration product 
in the somewhat vaguely defined mineral killinite as first described a 
an alteration of spodumene from Killiney Bay in Eire and later in the’ 
same paragenetic association by JULIEN? from Chesterfield, New Hamp +] 
shire, by Brus and Dana? from Branchville and by Scuwariz and 
Lronarp! from Etta Mine, 8. Dakota, in all cases as definite alteration 
products of spodumene and in some cases as clear pseudomorphs after 
the same mineral. The high content of FeO, (9.51 %), and the in= 
verted proportions of the alkalies (in Chesterfield for example 7.24 K,0 


however that pronounced differences in the chemical solutions have 
been at hand. But the mode of occurrence as well as the general trend 
of the decomposition processes seems to have been much the same in all 
the cases related. It is possible that the essential difference lies in the 
dominating content of sodium in the solutions, which after the cleave- 
landitic phase of albitisation have affected the hypogene alteration at 
Varutrask. One might in this sense term the alteration product a soda- 
killinite, exceptionally rich in iron. 

Recently Grim, Bray and Brapiey® have proposed the name illite 


1 Cfr. also Dirrter and Horrmann, Akad. Anz. Wien. 4, : 
'_? Ann. New York Acad. 1, 1879, p. 18: bs ars 
' * Am. Journ. Sc. 20, 1880, p. 257. 

_ * Am. Journ. Se. 11, 1926, p. 259. 
~ 5 Am. Min. 22, 1937, p. 813. 
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s a general term for certain hydromicas. In discussing the relations of 
lite to micaceous clays the authors draw attention to a possible rela- 
onship with the killinites of BrusH and Dana as well as of ScawaRTz 
nd LEoNnaRD as alteration products of spodumene. Grim, Bray and 
RADLEY evidently purposely avoid using the name killinite and as it 
ever has been characterised as a definite or homogeneous mineral, it 
ay best be dropped as a mineral species, though lately revived by 
CHWARTZ and Lronarp. The name killinite may however still be 
seful as a general term' for an heterogeneous hypogene alteration 
roduct of spodumene. already recorded from four different localities, 
rincipally consisting of a mixture of several minerals of the kaoline 
roup and a micaceous mineral, probably identical with the new mineral 
lite. At Varutrisk the killinite, because of its high content of sodium 
armed soda-killinite, seems principally to consist of a somewhat pro- 
lematic secondary Na-spodumene, cimolite, halloysite and some illite. 
Summarizing the foregoing results of the alteration of spodumene at 
arutrisk, we are led to conclude that three different end products are 
yrmed, which may be characterized as follows: 


1. Analyses 1A and 1B represent an alteration into clay minerals be- 
mging to the cimolite group, in consequence of a not insignificant 
mount of R,O — RO oxides grading towards the bentonitic clays. 

2. Analysis 1C represents a pseudomorphous alteration of spodumene 
) a mineral of the kaolinite group. It seems identical with the altera- 
on product of spodumene, described by Scuwartz as kaolinite from 
tta Mine. 

3. Analysis 1D represents a heterogeneous alteration product, 
pmposed of different minerals in varying proportions. The chief 
iredient may represent a Na-spodumene, differing from Brus and 
ANA’s B-spodumene by being homogeneous throughout. The other in- 
redients are an isotropic clay mineral, probably halloysite, another clay 
ineral belonging to the cimolite group and a hydrous mica, which may 
2 illite. 


All the different alteration products of spodumene at Varutrask are 
terpreted as the result of hypogene decomposition, closely succeeding 
1e cleavelandite invasion in the sequence of hydrothermal pegmatitisa- 
on. : 


Mineralogical Inst. University of Stockholm, Febr. 1938. 


1 Analogous with the use of the term bentonite. 
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Minerals of the Varutrisk Pegmatite. 


XI. The Niobate-Tantalate Group. 
By 


Percy QUENSEL and THELMA BERGGREN. 


(MS. received March 14th, 1938. 


Minerals belonging to the niobate-tantalate group are at Varutra 
represented by several species. One is to all evidence new, intermedia 
between stibiotantalite and microlite, for which the name stibiomier 
lite is proposed. The others belong to the normal series of the columbi 
tantalite group. 


LS tavbaroam ser ol tie: 


In september 1936 TH. BERGGREN spent several days at Varutrask 
on the lookout for new minerals which might have come to light through 
exploratory working of the Boliden Co. during the summer months. 
Besides some specimens, which were later found to be the new mineral 
varulite, and a rich assortment of valuable material in general, a few 
specimens of a grayish semimetallic mineral were collected, which could 
not be identified with anything as yet known from the pegmatite. Ne 
further material has since been forthcoming. The find was made 
just north of the locality for allemontite on the western wing of the 
pegmatite. The mineralisation is here especially characterised by 
large amounts of petalite, green tourmaline, cookeite and smal 
nodules of triphylite. On the largest specimen, now amongst the 
collections of our institute, one can observe how the mineral in question, 
associated with green tourmaline, cleavelandite and some cookeite, 
located to a large quartz lens, on one side sharply bounded by coarsely 
developed lamillar cleavelandite. 

The mineral occurs in thick crystals of up to 3 cm in length. A pre- 
liminary analysis, executed by Miss Inerrp SvEDBERG soon after the 
find, gave 47.2 % Ta,O;, 12.7 Nb,O, 19.6 Sb,O, and 0.04 As. A complete 
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alysis was then made by Tx. Bercgren, which gave the following 
sults: 


Mol.Prop. 
EO —er0G 7s 2s. 0.16 — 
Ot On en se 1a 0.062 61 2 
S00 Oe ar ee eee 1.38 Le 
Ls ec ae nC 0.00 a 
Fin) eee 0.00 — 
Beans «, eax 25.3 0.087 
ASC oe ee 0.00 a= | 
1340 Pie ath eee 0.10 0.000 / 94 3 
LAN) Se oe a 0.50 0.005 | 
1 eee 0.26 0.002 
SRO Rss od WS x wre 52.5 0.118 | 
INDO ees Su ws alas 0.044 | 162 5 
Mntyees fe Ss 0.08 0.001 
SO Ea Se pee §.32 0.095 | 
ENED is 8 ice ca 0.00 — 120 4 
i ee 0.00 Lb | 
It 0 4 ae ee 1.50 0.024 
ee Coen, a eae 0.00 — 
U, YY, Th, Co 0.00 = 

99.81 

Spepe es os 5urs5 


Tu. BERGGREN remarks to the analysis that on igniting a sample, a 
iall amount of Sb is given off. The difference between loss on ignition 
id determination of H,O > 105° is 0.45 %. As native antimony has 
nclusively been found to partake as a component of disintegration, 
will be shown below, it is probable that the difference of 0.45 % equals 
e amount of native Sb present. This amount seems however in diffe- 
nt specimens to be rather variable; the analysis above was executed 
_material, supposed to be poor in native antimony. 

Soon after the analysis was finished, dr OpMAN, mining geologist of 
e Boliden Co., prepared and studied some polished slabs in reflected 
ht and came to the conclusion that the mineral in its present state 
d not represent a homogeneous substance. In a private communication 
dec. 1936 he refers to three components, symmetrically building up 
e mineral and describes his observations as follows: 


»Of the three components one is metallic with a lustre and general 
appearance indicating a native metal. In first instance one would 
surmise antimony; a comparative study of native Sb from France 
shows identically the same appearance in reflected light. Concern- 
ing the other two components it is more difficult to form an opinion. 


15—380060. G. F. F. 1938. 
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The kernel parts of the disintegrated mineral are more opaque tha 
the surrounding substance and resemble in reflected light mineral 
of the tantalite group.» 


Opman has kindly taken two photographs of the phenomena as see 
in reflected light, which with grateful acknowledgement are reproduce 
here (Pl. V). 

Under the microscope the mineral is, as anticipated by Opman, foun 
to be a heterogeneous product, though only two components appea 
in the sections studied, intimately associated with each other. Withou 
crossed nicols the two phases are hardly distinguishable from on 
another. Both are fully transparent, faintly yellow to colourless and 
have the same lustre and high refringence (over 2.00). One would 
first sight only suspect the presence of one homogeneous mineral 
On crossing the nicols however, the picture changes radically, as tw 
components of different optical symmetry appear, one anisotropik 
showing high interference colours, the other wholly isotropic. 

Though characterised by very high birefringence, it has not bee 
possible to obtain any reliable interference figures of the anisotropti 
component. It would seem as if apparently uniform individuals & 
many cases were composed of a disordered accumulation of sma 
grains, individually hardly distinguishable under the microscope 
The interference colours infer a birefringence well over 0.060. As will 
be shown later on, this component is in all probability identical 
with the mineral stibiotantalite and the difficulty in obtaining an 
interference figure is evidently due also to the extreme refringené 
and strong dispersion, characteristic of that mineral. PrNnrreLp and 
Forp’ give for stibiotantalite from Mesa Grande, San Diego, Cal. 
refraction indices higher than for diamond, (a = 2.3977, y = 2.4588), 
and remark that »the divergence of the optical axes, 2V, is so great 
that 2E can not be observed. In fact the mean indices of refraction 
of the mineral is so far above that of our highest refractive liquids 
that it was with the greatest difficulty that 2H could be observed». 
PenFIELD and Forp give for the Mesa Grande stibiotantalit 
2V = 72° 37’ 75° 58’. The vague indications obtainable on th 
Varutrask material of an axial figure also intimate a large axial angl 
and very strong dispersion. 

The isotropic component is, as mentioned, in ordinary ligh 
hardly distinguishable from the anisotropic mineral. It is seen t 
occur as mantles around or in narrow veins intersecting the othe 
component in different directions but with a tendency to follow plain 


1 Am. Journ. of Science, 22, 1906, p. 72. 
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right angles. The general appearance is, especially in the vein 
terial, nearest that of an amorphous substance. 
The probable significance of these two components will be discussed 
more detail below. As the material megascopically shows a uniform 
pearance, it lies near at hand, taking into consideration also (pMAN’s 
servations, to presume that a primary homogeneous mineral has be- 
me unstable and broken down into several phases, in the same way 
has been the case with allemontite from the same locality. 

The three dominating elements in the analysis, Sb, Ta and Nb, natur- 
y point to a relationship with the mineral stibiotantalite, known 
om the Li-pegmatites of San Diego, Cal. ScHALLER has also recorded 
stibiocolumbite from the same locality. The appreciable amount of 
.O must however be taken into reckoning and seems to infer a distinct 
ecies. 

A discussion of the chemical composition will have to deal with two 
fferent problems, one referring to the different phases of disintegra- 
m, actually present, the other relating to the primary homogeneous 
ineral which preceded the epoch of disintegration. 

Concerning the first question, the composition of the heterogeneous 
oduct as it is now found, studies of thin sections and polished slabs 
d already confirmed the existance of three different components. 
of. WESTGREN, who kindly has undertaken an X-ray examination of 
e material at hand, has from his X-ray powder photographs been able 
conclude that no less than four phases partake. Though mainly a 
ixture of stibiotantalite and a mineral of the microlite type, there is 
30 some senarmontite as well as a small amount of native antimony 
esent. A report of this investigation is just concluded and is pub- 
hed as next number in this series. 
Returning to the observations in thin sections and in reflected light, 
is obvious that the kernal parts in Opmans photographs and the 
isotropic mineral of the thin sections with its high birefringence must 
present WESTGREN’s stibiotantalite phase, whereas the surrounding 
antle in the photos, evidently corresponding to the isotropic mineral 
the thin sections, must be the equivalent to the mineral of microlite 
pe. Microlite has, however, hitherto only been known to occur 
well-defined octahedral crystals. In the new association before us 
d as the result of a complete disintegration process it appears 
least in part as narrow veins without any crystal form or habit 
1atever. ' 
The thin coating of native Sb along the cleavages, observed by ODMAN 
d surmised by Tu. BerceReEn, is verified by WESTGREN but extended 
include also some senarmontite. 
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We are consequently led to conclude that the disintegration of a pi 
mary homogeneous mineral has resulted in the formation of four differ 
ent phases, represented by the known minerals stibiotantalite, mier¢ 
lite, native antimony and senarmontite. The last phase can in all prob- 
ability be taken to be a later and secondary oxidation product of Sb, 
and the following discussion may therefor be restricted to the three fi 
components. 

The analysis is found to conform with the X-ray investigation. Lea 
ing out of reckoning the small amounts of native Sb and senarmontit 
the analysis would correspond to the two principle components stibit 
tantalite and microlite partaking in the disintegration in proportior 
3:2. Structural studies have definitely shown the mineral microli 
to be isomorphous with atopite and pyrochlore. The formula for th 
group is according to Macuatscuxkr’ X, Y, O,(OH, F) or transcriber 
in accordance with the applicable part of the analysis, (Ca, Na), ( 
Nb), (O, OH),, which would correspond to the one component of tl 
disintegrated mineral. The formula of MAcHaTscHKI is used as app 
able in discussing the chemical relations of the one phase. WESTGRE 
will in his following paper treat the question of the true formula fe 
the atopite-microlite-pyrochlore group in detail with reference to ifs 
general validity. The results of his investigation infer that the constr 
_ tution of the group is of a more complex nature than MAacHATscHK 
anticipated. 

The composition of the second principle component, stibiotantalite, 
is generally taken as Sb(Ta, Nb)O,. The constitution of this mineral h: 
however also been disputed. H. UncrmMacu? comes to the conclusion tha 
stibiotantalite is to be interpreted as a double oxide of Ta and Sh 
He writes the formula (Nb, Ta),0;-Sb.0;, imputing a resemblance & 
cervantite, the usually accepted formula SbO, rescribed Sb,0, -Sb,0s 
In stibiotantalite the first component, Sb,0;, is thought to be substitutes 
by (Nb, Ta),0;. WxsTGRen will in his forthcoming paper also take u 
this problem, which however, in discussing the analytical data relativ 
to the mineral components here in question, is without significance. — 

Concerning the thin coating of native antimony it is plausible t 
assume that a small amount of Sb has been set free in connection wit 
changes in the state of oxidation during the process of disintegration 
The reason why the material analysed was supposed to be poor in nati¥ 
antimony, (p. 217), was that the specimen chosen for analysis showed litt] 
of the higher metallic lustre, which otherwise seems to follow a riche 
precipitation of native Sb. 


1 Geol. Fér. Forh. 1932, p. 331. 
* Bull. Soc. Fr. de Min. 32, 1909, p. 92. 
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The molecular proportions Sb,O, : (Ca, N a3)O : (Ta, Nb),0O, = 3: 4:5, 
; found in the analysis above, answer to stibiotantalite and microlite 
irtaking as the two principle phases of the disintegration in propor- 
ons 3: 2 according to the following formulae for the two components: 


3[Sb,(Ta, Nb),Og] - 2[Ca,.(Ta, Nb),(O, OH),] 


he X-ray photographs, the chemical analysis and the observations in 
ansverse and reflected light coincide in identifying stibiotantalite 
1d microlite as the two principle components of the heterogeneous 
ineral, which is now represented at Varutrisk. 

Concerning the homogeneous mineral which must have foregone 
ibsequent alterations, we are restricted to speculation. As nothing 
us been observed indicating that an interchange of material has taken 
ace, we may count with a chemical composition of the primary mineral, 
all main points coinciding with the analysis above. A formula for this 
ineral may simplest be written 


(Sb, Ca) - (Ta, Nb) -(O, OH), 


or this mineral, as yet only known in disintegrated condition, the name 
tibiomicrolite is proposed. It may seem inopportune to bring 
the term microlite for a mineral which probably has no symmetrical 
lationship with the cubic mineral microlite. We know however as 
st nothing of the symmetry of the original homogeneous mineral, 
ren if it is unlikely that because of its probably complex structure, 
should crystallise in the cubic system. On the other hand the name 
ibiomicrolite so well denotes both the chemical nature of the mineral 
‘the two principle components of the disintegration process, that we 
ive let our missgiving fall. 

In this connection it is of interest to recall the studies of Jony and 
OLMQUIST! on natural and synthetic compounds of Nb and Ta. JoLy 
und Ca,Ta,0, to crystallise in orthorombic prisms, whereas Hotm- 
ist obtained the same product as crystals of cubic symmetry and 
esumes the existance of dimorphism for both Ca,T'a,0, and Ca,Nb,0;. 
n the significance of the (OH, F) radical in connection with tbe 
icrolite structure WESTGREN will dwell in his following paper. 


Pec olumbpite — Tanta lite. 


Minerals of the columbite-tantalite series can be said to belong to 
e normal association of the lithium-phosphate pegmatites. In larger 
ystalline masses or in individual, more or less welldeveloped crystals 


1 Cfr Hotmguist, Bull. Geol. Inst., Upsala III, p. 225. 
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they have been either passingly referred to or more closely studied ar 
described from most of the known pegmatite localities of this specié 
character. In older literature we find minerals of this group in the given 
association first mentioned by Damour in 1848 from Chanteloube 
France. In 1863 A. E. NorDENSKIOLD identified columbite from Tam 
mela in Finland and in 1877 mangantantalite from the Li-pegmatite 
of Uté in Sweden. On different occasions minerals of the columbit 
tantalite group have further been described from the wellknown lithiur 
bearing pegmatites of Branchville, Chesterfield and Northfield in Mas 
sachusetts, from Central Maine, from Black Hills, 8. Dakota, and fro: 
Pala and San Diego, California. From South Dakota a very detaile 
crystallographic and chemical description with no less than 15 analysi 
has been published by W. P. HeappeEN in 1891. Lacrorx has recorde 
columbite from the Li-pegmatites of Madagascar, though there evidentl 
scarce, and recently Grvers describes minerals of the columbite-tant: 
lite group from a widespread area of related pegmatites in Namaqua 
land. 

The minerals of the columbite-tantalite series are not uncommon in 
the Varutrask pegmatite, though as yet not found in any greater quate 
tities. They seem principally restricted to the outer zones of the seco - 
dary mineralised parts of the pegmatite, most usually occurring on the 
boarder line towards the unchanged microcline pegmatite and there 
associated with muscovite, secondary quartz and cleavelandite. In all 
probability the formation of the Nb-Ta-minerals belong to the cleay 
landitic stage of mineralisation, as their range of distribution seem 
to coincide with the limits of albitisation against the microcline peg: 
matite. 

The usual mode of occurrence is in the form of flattened crystals 
between the cleavage lamellae of coarse cleavelandite. More massive 
crystal aggregates or irregular masses of small dimensions are als 
occasionally found. The luster is brilliant submetallic, colow 
ironblack. 

The platy crystals generally measure some 2—3 cm. One large crystal 
generously presented by dr OpMan to our institute, measured 4—6 en 
and showed a good many relatively good faces developed. One of ow 
young collaborators at the institute, O. Lunpevist, has measured thi 
erystal and though reflexes in many cases were poor, has succeeded 1 
identifying the following forms: 


a (100), b (010), m (110), g (130), z (530), k (103), e (021), o (11) 
a (113), o (213). 
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Dana 
(100) : (110) 39° 39° 38’ (100) : (111) 50° 
(100) : (130) 69° 68° 5’ COU) eS) eis 
(100) : (5680) 25° 26° 25’ (100) : (213) 63° 
(103) : (103) 40° 39° 231/,' 
(010) : (021) 29° 29° 20' 


The crystal development shows relationship to columbite crystals 
om the pegmatites of Standish and Haddam in Maine. Most of the 
rms are in common and for both occurrences a characteristic feature 
ems to be that y (210) is wanting and instead z (530) developed. 

Three analyses have been made of which two refer to columbite and 
ne to tantalite. The analyses are given in the following tables, where 
yme nearly corresponding analyses of columbite and tantalite from 
nalogous pegmatite localities are cited for comparison. 


Table 1. Coluwmbite. 


ik 2 ae 4 

10) Anal eee Ne 1.16 0.00 oa — 
EHO ic es oo 3.14 0.76 0.09 0.25 
REO GM Sse 1.07 0.76 
12) eg eee 1.20 — — — 
In) hoe ee 10.70 5.62 12.64 11.21 
MESURE Mercere ass 8.52 13.50 (em 8.67 
14 0) See Re 61.30 61.00 60.52 61.72 
Ded hee ee eee 13.60 17.80 ior 18.93 

100.69 99.44 100.47 100.78 
NRE ees Se. 2s 5.623 5.460 5.780 5.804 


. Columbite, Varutraisk. Anal. Inarip KatsEr. 

. Mangancolumbite, Varutrisk. Anal. THe~tMa BERGGREN. 

_ Columbite, Haddam, Conn. (HEAppEn, I. c.). 

. Columbite, Sarah Mine, Black Hills, S. Dakota (Happen, l.c.). 


Besides the determinations above on sp.gr. (anal. 1—2), three more 
‘ere made on other material which gave 5.605, 5.468 and 5.289 respec- 
ively, the last determination, however, referring to somewhat impure 
1aterial. 


Table 2. Tantalite. 


ite ap 3: 
Sites os So oe 1.14 — ign. 0.16 
Sin Oceana bP sh¥e-.20 aoe 0.00 —_ 0.67 
CO ete tae & oer wie 33 9.81 3.6 eae 
VEri OWE re ctaret fhe se 10.79 9.5 13.88 


CORON 45 ee eee ee 0.00 1.2 0.17 
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18 2. 3, 
MeQ ee @a) & rs 0.00 — — 
TiO Ay dic) pe es ee 0.73 — — 
NDOT eee es a 3.00 85.5 4.47 
aude oe aes ee es 74.00 — 79.81 
Wises Shit) aaa ers 0.00 — — 
Phau iat tans noes 0.00 — — 
SD: sedge Ase bate et ima Nee 0.00 —- _— 
Oe Dh, wY au 0.00 _ — 
99.47 99.8 100.33 
Sp:Oi sn Lae ae naan 6.3 7.301 


1. Manganotantalite, Varutrisk. Anal. ToeLMA BERGGREN. 
2. Manganotantalite, Uts. (A. E. NoRDENSKIOLD.) 
3. Manganotantalite, Sanarka, Ural. (ARZRUNI.) 


The analyses above show that species dominant in Nb,O; as well 
in Ta,O; are represented at Varutrisk. The first fragments found bj 
dr BaECKSTROM in 1935 were analysed at once and found to be tantali 
(anal. 1, table 2). All later finds, of which two have been analysed a 
several others determined by sp.gr., are columbite. It is evident thai 
representatives of the tantalite end of the series here are of rare occur- 
rence. The only specimen as yet found of tantalite was used up fol 
analyses before mineralogical work was begun at Varutriisk, or at leas 
has not been able to be refound. 

The chemical composition of the two analyses of columbite hardly 
show any conspicuous features. Several of HEADDEN’s analyses in hi 
extensive analytical tables from the Black Hills and other U. 8. A. peg 
matites show very near relations. The two best coincidences are cite 
in table 1 for comparison. 

Whereas in the first analysis of the Varutrisk material FeO and MnO 
are present in about equivalent amounts, MnO is in the second analysis 
more than double the FeO content. Hrappen has only one analysis 
amongst his 20 published with as high relative percentage of MnO, 
(from Bob Ingersoll Mine, Black Hills, with 13.55 MnO and 6.29 Fe 0). 
The very varying proportions between MnO and FeO in columbites in 
general hardly invite to attribute much significance to these relations. 
But as the name manganocolumbite has been used somewhat arbitrarily 
in the litterature, it may be discussed, specially in reference to analysis 2. 
Lacrorx* uses the term manganocolumbite as follows: »Le fer est 
toujours remplacé en partie par du manganése, mais en proportions 
extrémement variable. I] existe des manganocolumbites et des mangano- 
tantalites surtout ou exclusivement manganesiféres.» As so many 


1 Min. de Fre nce IV, p. 615. 


‘EOL. FOR. FORH. Bd 60. 


Vig. 2. 


otographs in reflected light of disintegrated Stibiomicrolite. Light kernal parts stibio- 
italite, darker shade microlite, white vein material native antimony, black in veins 
ondary senarmontite as oxidation of native Sb. O. Opmawn photo. 
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umbites carry an essential amount of MnO, it seems opportune 
restrict the name manganocolumbite to such species as contain a 
rked surplus of MnO against FeO, for example MnO: FeO at least 
proportion 2:1. The second analysis from Varutrisk would even 
th this restriction be a manganocolumbite. Relating to the tantalites 
» position is somewhat different as the tantalites in general do not 
yw such high percentages of MnO. In this case the ratio MnO : FeO = 
1:1 would amply suffice to justify the use of the name mangano- 
italite as is also done for the mineral represented by analysis 1 
table 2. The two manganotantalites from Utd and Sanarka, given 
the table for comparison, are in this respect quite extreme. 

The analyses as well as the sp. gr. determinations indicate a rather 
nstant percentage of about 60 % Nb,O; in the Varutrask columbites. 
re intermediate species, with about equivalent amounts of Nb,O; 
d Ta,0;, so usual amongst for example the Etta Mine material, seems 
be lacking at Varutriisk. 


Mineralog. Dept., Univ. of Stockholm March 1938. 
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Minerals of the Varutrisk Pegmatite. 


XII. On the Structure and Composition of Minerals belonging 
the Pyrochlore-Atopite Group and an X-Ray Analysis 
of disintegrated Stibio-Microlite. 


By 
O. Rosen and A. WESTGREN. 


(MS. received March 27th, 19% 


About a year ago Professor P. QUENSEL asked the present authors 
perform an X-ray analysis of a mineralogical specimen containing & 
cium, antimony, tantalum and niobium which had been found 
Varutrisk and which in its present state seemed to be composed 
several phases. It was supposed that the main constituents of the dis 
tegrated mineral were stibio-tantalite and microlite, and that it al 
contained a slight amount of native antimony. 

The investigation fell well in line with the work being performed | 
this institute at that time which was concentrated upon the high 
oxides of antimony. As could be expected, the results obtained throug 
the latter research have in fact proved to be of value for the interprets 
tion of the X-ray diagrams of the Varutrisk specimen. 


On the Similarity of higher Antimony Oxideé 
with Atopite and Stibio-Tantalite. 


One of the present authors has in collaboration with K. DraustTRé 
investigated the dehydration products of antimonic acid and fout 
that a heating of this substance at 700—800° C during an hour does no 


as hitherto believed, lead up to a formation of antimony tetroxide b 
4 ( Lit ¥V ‘ 
results in a production of the compound Sb-Sb,0,0H.1 As previous 


pointed out by G. Narra and M. Baccareppa, the X-ray powd 
photographs of this substance resemble those of atopite and romeite ve 
closely,? and it has been found that Sb,0,OH has a structure of the sa 


? K. Diatstr6m and A. Westaren, Zeitschr. f. anorg. und allg. Chemie 235, 153, 19 
* G. Narra and M. Baccareppa, Zeitschr. f. Kristallogr. 85, 271. 1933. 
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nd as the said minerals. The latter are not completely analogous in 
omic proportions to the antimony compound, which is a fact that 
rows new light upon the question of the composition of the pyrochlore- 
opite minerals. This observation has caused the present authors to 
nthesise and investigate some tantalates and fluotantalates in order 
complete our knowledge of how the composition of the said minerals 
ay vary. 

Before an account of this investigation is given the results will, how- 
er, be briefly reported of an X-ray analysis of stibio-tantalite. 

The structure of this mineral has been determined in connection with 
investigation of the true antimony tetroxide. As could be expected, 
was found that Sb,O, may be prepared through a complete dehydra- 
m of antimonic acid by means of a sufficiently long and severe heating 
air (at 800—850° C for some days). Long ago H. UncEmacn put forth 

III Vv 
e suggestion that this oxide which may be considered to be Sb - SbQ,, 


ELE ay 
isomorphous to stibio-tantalite, Sb-TaO,.1. Therefore, as only very 


1all erystals of Sb,O, were present, a minute sliver of a well crystallized 
bio-tantalite specimen was used for taking Laue and rotation diagrams 
the hope that its atomic arrangement should prove to be the same as 
at of Sb,O,. This expectation was fulfilled. The two substances were 
und to be isomorphous and the structure of both of them could thus 
-determined.? The stibio-tantalite specimen, originating from Mesa 
rande in California, was kindly put at the disposal of the Institute by 
ofessor QUENSEL. 

According to Uncremacn stibio-tantalite should be orthorhombic 
th an axial ratio of 0.888: 1: 2.130. The dimensions of its unit cell 
ve been determined to be a = 4.916 A, b = 5.542 A, c = 11.78 A, 
ving the axial ratio 0.888 : 1 : 2.126 in almost complete agreement with 
e measurements of UNcemacu. It crystallizes in the space-group 
,, and there are four groups of SbTaQ, present in its unit cell. 


nm the Composition of Substances of the Pyro- 
chlore-Atopite-Microlite Structure Type. 


By their structure analysis of pyrochlore and romeite H. R. von 
,ERTNER? and O. Zepurrz! have confirmed the statement of A. Jony° 


1 H. Uneemacnu, Bull. Soc. Fr. Min. 52, 92. 1909. : ; 
2 The investigation has been performed in this Institute by K. DraustTRom, who will 
mn publish a report of it. 

3 H. R. von Gaertner, Neues Jb. Min. Geol. Pal. 67, 1. 1930. 

40. Zepurrz, Zeitschr. f. Kristallogr. 81, 253. 1932. : 

5 A. Joty, Ann. Scient. de l’école normale supérieure GrlZoglSiT Ts 


% 
A 


228 0. ROSEN AND A. WESTGREN. [Mars—April 193% 


and P. J. Hotmauist! that a content of OH or F is essential for the fo: 
mation of these minerals. Their formulae have been  writte 
CaNaSb,0,0OH and CaNaNb,O,F. They have the following structure 


Space-group O/ + 8 Ca +8 Na in 16(c), 
16 Sb or Nb in 16(d), 
48 O in 48(f), 
8 OH or Fin &(a). 


Though hardly definitely proved, the idea seems to be prevalent 
present, that, at least to some extent, the OH and F in these minera 
may be replaced by O, while univalent ions such as Na are corresponé 
ingly substituted by bivalent ions as for instance Ca. The formuls 
of the pyrochlore-atopite-microlite minerals have of late generall 
been written X,Y.(0,OH,F),.* A partial replaceability of this kind seer 
very likely, but the fact, established by Jory and Hoximaguisr, th 
Ca,Ta,O, is not isomorphous to the pyrochlore minerals proves that 
complete substitution of OH and F by O is not possible without a break 
down of the original atomic arrangement. 

The present authors have produced Ca,Ta,O, through heatin 
2 CaO + Ta,O,; at 1 000° C for several days. The powder photograph 
of the substance obtained contain a great number of lines and thoug 
its quadratic form has not yet been established, it may be safely stateg 
that it is not cubic. The X-ray patterns do not even resemble those ¢ 
microlite. The statement of Jory and Hotmauist that Ca,Ta,O, 3 
not isomorphous to pyrochlore has thus been verified. 

Even if the possibility of a partial interchange of OH and F with 
may be admitted, and if the formula of the pyrochlore minerals is accor 
dingly written X,Y.(0,OH,F),, we do not obtain a notation, however 
that covers all the variations in composition that may occur within th 


32 Seay J 
group of substances. As mentioned above, Sb-Sb,0,OH is also a com 


pound which because of its structure may be included in this group, ant 
its formula does not agree with the general expression mentioned. The 
structure Sb,;0,OH is the same as that of CaNaSb,0,OH, except that 
instead of 8 Ca +- 8 Na, occupying 16(c) in the lattice of the latter, ther 
III 
are only 8 Sb statistically distributed upon the points of this atom 
position in the former substance. The remaining 8 points of 16(c) at 
thus vacant in Sb,0,OH. That the atoms of this compound are arrange 


+ P. J. Hormauist, Bull. Geol. Inst. Upsala III, N:o 5. 1896. 
* Notations according to »Internationale Tabellen zur Bestimmung von Kristallstruk 
turen», Berlin 1935. 


3 KB. g. cf. F. Macnatscuxt, Geol. Foren. Férhandl. 54, 319. 1932. 
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a 


this way has been confirmed through an analysis of BiTa,O,F (ob- 
ined by heating BiOF + Ta,0,) which substance has been found to be 
ymorphous to the antimony compound. 


If thus the 8 Ca + 8 Na in the elementary cube of romeite might be 
It 


placed by 8 Sb without any change of the structure type, it seemed 
ssible that the function of these groups of atoms in 16(c) could as 
sl be fulfilled by 12 Ca. In order to test this, the compound Ca,T'a,0,.F, 
us synthesised through heating 2 CaO + CaF, + 2 Ta,O; at 1 000° C 
wing 2 days. Simultaneously an artificial microlite, CaNaTa,O,F, 
us produced in the same way from the mixture CaO + NaF + Ta,0,. 
1e preparations thus obtained were investigated by means of the 
ywder method and it was found that not only the latter but also the 
rmer consisted mainly of a phase of the microlite type. Their X-ray 
ita are given in Tables 1 and 2. The lattice constants have been deter- 
ined to be for Ca,Ta,0,.F, 10.32 A and for CaNaTa,0,F 10.40 A. 
31/, of the 16(c) points are vacant in the lattice of the Ca-fluotantalate, 
; lattice dimensions are somewhat smaller than those of the Ca—Na 
mpound which has a structure with all the lattice points occupied. 
In addition to the lines of the microlite phases a number of compara- 
vely weak interferences could be seen in the photographs of both speci- 
ens. CaNaTa,O,F has an admixture of a phase of perowskite type. 
s lattice constant has been found to be 3.881 A, which agrees exactly 
th that of NaTaQ,, found by L. L. Quitt.t The Ca-fluotantalate has 
. admixture of lower symmetry which has not yet been identified. To 
vestigate if the inhomogeneity of the latter specimen was due to an 
sufficient heating, it was exposed to a temperature of 1 100° C for 3 
ys. After this treatment its powder photographs contained the same 
les as previously found, but the two series of interferences had changed 
mewhat in relative intensity, indicating that the amount of cubic 
ase had lessened, and that of the other phase increased. As may be 
en in Table 3, where the data of these powder photographs are listed, 
e lines of the cubic phase are also somewhat displaced towards larger 
ffraction angles, showing that the lattice constant has decreased. It 
is determined to be 10.29 A. H.R. Garrrner? has found that a heat- 
x of pyrochlore, CaNaSb,0,F, brings about a loss of F, and the high 
mperature during the preparation is probably also the reason for the 
homogeneity of the specimens synthesised. 

Even if a homogeneous Ca-fluotantalate of the microlite type was not 
epared in the synthesis, it has been shown, however, that it is possible 


1 L. L. Quint, Zeitschr. f. allg. = anorg. Chemie 208, 257. 1932. 
2 H. R. GAERTNER, loc. cit. 
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to produce this substance. Univalent ions, such as Na or K, are n 
necessary for the formation of a microlite phase. 

An attempt has also been made to synthesise a substance of the same 
kind with 6 quadrivalent atoms in 16(c) and for that purpose Zr was 
chosen since its ions seemed to be sufficiently large. This substitution 
experiment was, however, unsuccessful. No phase of the microlite type 
was present in the preparation obtained. A microlite structure with 
10/16 of its 16(c) points vacant is evidently too »open» to be 
possible. 

If we write the formulae of the pyrochlore-atopite-microlite phases 


so that they correspond to the number of atoms in the unit cell, the follow- 
ml Vv 


ing types of expression may be reckoned with: SbsSb,,O.s(OH)¢, 


Vv Vv 
Ca,Sb,¢OugF's and Ca,Na,Sb,,0,.F,. As further, the atoms in 16(e) 
may evidently be mixtures of uni-, bi-, and tervalent atoms, their number 
may vary from 8 to 16 per unit cell. How many atoms there are in this 
position may be due not only to their valence but may also depend upon 
the proportions of quadri-, quinqui- and perhaps sexvalent atoms in 
16(d), and it may further vary with the extent to which OH and F in 
8(a) are replaced by O. 

With the alternation in the occupation of the 16(c) points, and the 
exchange of OH and F for 0 in the 8(a) position, the possibilities for 
variation in these phases seem, however, hardly to be exhausted. N. 
SCHREWELIUS of this Institute has recently come across compounds 
AgSbO,; and NaSbO, (the latter dimorphous) which also crystallize in a 
way closely resembling that of microlite. Their space-group is Oj, and 
they have 16 Ag or Na in 16(c), 16 Sb in 16(d) and 48 O in 48(f). The 
structure is quite the same as that of the phases discussed, except that 
there is no OH, F or O in &(a). In view of this fact the assumption may 
be ventured that the points of the last-mentioned position may not only 
be completely occupied or completely unoccupied, but also in some cases 
partially vacant. 

If all these variations in the location of atoms on the points of the 
microlite lattice are taken into consideration, and if it is taken into 
account that also the 48 O atoms in 48(f) may be partially replaced by 
OH or F, the only possible general formula for the pyrochlore-atopite- 
microlite phases seems to be X,Y,(O,OH,F),(OH,F,O),, where X are 
the atoms in 16(c) and Y those in 16(d), and where x may vary from at 
least 1 to 2 and z may have all values from 0 to 1. 
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for 3 Days. 


Table 1. 
Powder Photographs of CaO + NaF + Ta,O,, heated at 1000° C 


Cr-K Radiation. 


SS ES 


sin? 4 
Phase | hk] 
obs. cale. 
P 100 | 0.0859 | U.0866 
M 220 | 0.0961 | 0.0965 
M 311 | 01321 | 0.1327 
M 222 | 0.1444 | 0.1448 
P 110 | 0.1726 | 0.1733 
M 400 | 0.1926 | 0.1981 
M 331 | 0.2288 | 0.2293 
P 111 | 0.2595 | 0.2599 
M J pL 0 8325 ec aon 
1333 .3255 | 0.8258 
P 2 0.3466 | 0.3465 
M -| 440 0.8861 | 0.3861 
M 531 | 0.4226 | 0.4293 | 
S 0.4328 | 0.4332 
i 0.5189 
P ii} 0.5188 oe 
M 622 0.5307 | 0.5309 


t = strong, vst = very strong. 


M = Microlite. P = Perowskite. 


I 


vst || 


vw = very weak, 


Phase 


BrE BHR H EF BW BE 


Table 2. 
Powder Photographs of 2CaO + CaF, + 2 Ta,0;, heated at 1000° C 


hkl 


sin? 4 


obs. cale. 


0.5791 | 0.5792 m 
0.6152 | 0.6154 m 
0.6929 | 0.6930 m 
0.7119 | 0.7119 m 
0.7720 | 0.7728 Ww 
0.7807 | 0.7798 Ww 


0.8089 0.8084 Vw 
0.8661 | 0.8664 m 


0.9047 | 0.9047 Ww 


0.9170 | 0.9170 st 
0.9512 | 0.9530 | vw 
0.9647 | 0.9653 st 


w= weak, m= medium, 


for 2 Days. Cr-Kq Radiation. 
sin? 4 sin? 4 
Phase | hk] i) Phase | hkl I 
obs. cale. obs cale. 
0.0926 vw 0.4103 Ww 
0.1080 Vw 0.4181 m 
M 311 0.1342 0.1348 m M 531 0.4290 0.4289 st 
V.1396 Ww M 533 0.5267 0.5269 m 
M 222 0.1465 0.1470 vst M 622 0.5403 0.5392 st 
0.1584 vw 0.5564 Vw 
0.1813 Vw 0.5616 Ww 
M 400 | U.1957 | 0.1961 st 0.5734 vw 
0.2097 Vw M 444 V.5892 0.5882 m 
0.2643 Ww | 0.6118 vw 
0.2848 Ww 711) , 
M | 422 | u.2942 | 0.2941 | w = 1 551 panes 208i eOeBa ae te am 
Bit 0-800) rh M { oe 0.7236 | 0.7230 | m 
_ { 333 \ 0.3811 | 0.8809 | st M 800 | 0.7846 | 0.78438 | m 
0.3391 vw 751 \ ; 
0.3691 “ M 55D 0.9190 0.9191 Ww 
M 440 | 0.3922 | 0.3921 | vst M 662 | 0.9311 | 0.9318 st 
0.4029 w i M 840 0.9801 0.9803 WwW 
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Table 3. 


Powder Photographs of 2CaO + CaF, + 2Ta,0;, heated first at 1000° 
for 2 Days and then at 1100° C for 3 Days. Cr-Kq Radiation. 


0.0909 m 0.8444 vw 
0.0924 m 0.3500 Ww 
0.1098 Ww 0.8681 w 
M B11 | 0.1850 | 0.1356 st 0.3729 vw 
0.1894 st M 440 | 0.3947 | 0.8946 | vst 
M 222 | 0.1474 | 0.1480 | vst | 0.4015 wl 
0.1580 Ww 0.4088 |. a 
0.1704 vw 0.4167 Ww 
0.1813 vw | M 531 0.4314 | 0.4316 | m } 
0.1918 vw | 0.4645 | VW 
M 400 | 0.1972 | 0.1972 st 0.4953 | vwe 
0.2061 vw 0.5133 | | vw 
0.2102 vw | M 533 | 0.5307 | 0.5302 | w 
0.2269 vw | M 622 | 0.5431 | 0.5425 | st 
0.2348 vw || 0.5598 | m 
0.2590 Ww M Fee 0.5919 | 0.5918 | m 
0.2634 vw 711 i 
0.9889 se M 1st 0.6293 | 0.6288 m 
0.2996 Ww 0.6417 | vwe 
0.3051 vw ae: 0.6817 | ow 
0.3116 Vw ee aoa 
0.3176 vw | M { £53 \ 0.7288 0.7275 m ! 
511 M 800 | 0.7904 | 0.7891 | m 
M. {333 | 0.3330 | 0.3829 | m M | 662 | 0.9392 | 0.9371 | st 


Investigation of the Varutrask 
Stibio-Microlite. 


After the structure of stibio-tantalite had been determined and the 
composition variability of the microlite minerals had been investigated, 
the time had come for the interpretation of the powder photographs of 
the Varutrask mineral. 

The lines observed are listed in Table 4. As may be seen, it has been 
confirmed that QUENSEL' has been correct in his assumption that the 
specimen in its present state is mainly a mixture of stibio-tantalite and 
a microlite phase. The lattice dimensions of the former have turned 
out to be the same as those of the Californian mineral, viz., a = 4.92 A, 
b = 5.54 A, c = 11.78 A. The lattice constant of the microlite phase 
has been determined to be a = 10.40 A. The statement that some native 
antimony is present in the specimen has also been verified. The strongest 
interferences in the X-ray pattern of Sb appear in the photographs of 


1 Cf. the preceding paper. F 
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Table 4. 


Powder Photographs of disintegrated Stibio-Microlite. Cr-Ky, Radiation. 
SE 


sin? 6 sin? 6 
Phase | hkl I Phase | hk] |————_-——__|_ 
obs. cale. obs. cale, 
ee a ae a a ee 
Sb 003 | 0.0919 | 0.0927 | vw | Sb,O, | 440 | 0.3375 | 0.3376 | m 
8-T 1G 0.1055 | 0.1059 m 8-T 204 | 0.3662 | 0.3664 w 
Sb,0, | 222 | 0.1263 | 0.1266 | m M 440 | 0.3862 | 0.8862 | vst 
M 311 | 0.1824 | 0.1328 | st S-T 221 | 0.3960 | 0.8954 | w 
S-T 112 | 0.1342 | 0.1341 st 8-T 025 | 0.4045 | 0.4050 | vw 
Sb 102 | 0.1363 | 0.1355 Ww M 531 | 0.4226 | 0.4225 | m 
M 222 | 0.1449 | 0.1448 | vst S-T 116\) 0.4349 
S-T | 004 | 0.1501 | 0.1504 | m ; { 130 \ Haeee LOasety a 
8-T ; 0.1692 eee Ww S-T 131 | 0.4465 | 0.4459 Ww 
1794 Sb,0 622 | 0.4640 | 0.4642 | m 
er 113 \ 0.1804 \ ete: w | sr’ | 223 | 0.4705 | 0.4706 | w 
M 400 | 0.1930 | 0.1931 | m Sb,0, | 444 | 0.5086 | 0.5064) w 
Sb,0, | 331 | 0.1994 | 0.2005 | vw 8-T 133 | 0.5190 | 0.5211 Ww 
S-T 022 | 0.2075 | 0.2076 | vw M 622 | 0.5304 | 0.5811 | st 
8-T 200 | 0.2161 | 0.2160 Ww S-T 117 | 0.5558 | 0.5571 | vw 
M — 0.2291 ia Ww S-T oH 0.5658 | 0.5661 Ww 
0 - |f 0.2536 M 44 0.5792 | 0.5794 | m 
S-T |} 023 \ 0.2547 { natiet =) S-T | 134 | 0.5880 | 0.5869/ w 
a oe 0.2604 | 0.2591 Ww 8-T 008 | 0.6002 | 0.6016 | w 
b 1 0.2827 | 0.2830 m 711 
ae 511 hace, petty M { 551 \ 0.6144 | 0.6156 m 
s53/5, “°* “a S-T | 225 | 0.6189 | 0.6210 | vw 
8-T 115 | 0.3314 | 0.3315 Ww S-T 027 | 0.6284 | 0.6306 | v w 


M = Microlite. S-T = Stibio-Tantalite. 


he mineral mixture. The lattice dimensions of this third phase were 
ound to be normal, viz. with an edge of the face-centred unit rhombo- 
edron of 6.226 A, and an angle of 87° 24’. 

When the three phases had been identified, there remained, however, 
, few lines in the photographs originating from something else. They 
vere soon recognized as the strongest lines of senarmontite, Sb.Os, 
roving that the mineral has a slight admixture of this mineral too. 
ts lattice constant was found to be a = 11.13 A in good agreement with 
he value 11.127 A, previously found in this institute for pure cubic 
$b, Os. 

In order to verify further the presence of Sb and Sb,O, in the specimen, 
, powdered quantity thereof was heated in an open crucible at 650° C 
luring a couple of hours. In the X-ray photographs of the powder 
reated in this way no Sb-lines appeared, and the interferences ascribed 
o Sb,0; were considerably weakened. 
Although the stibio-tantalite has the lowest symmetry of the four 
hhases of the mineral mixture, a great multitude of its lines are visible 
o the photographs and several of them even have a rather high inten- 
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sity. The interferences of the microlite phase are also rather stron, 
These two substances are evidently the dominating constituents. 
presence of Sb and Sb,O, is indicated in the photographs only by th 
strongest lines and thus enter into the specimen in comparatively small 
quantities. The lines of these phases are further somewhat blurred ane 
diffuse and this is an indication that they are formed secondarily under 
poor crystallization conditions. 

It is, of course, hardly possible to state the exact composition of the 
stibio-tantalite and microlite phases of the specimen. Ta and Nb have 
almost the same atomic dimensions, and a substitution of one of these 
metals for the other does hardly cause any change in the lattice dimen- 
sions. That the unit cell of the stibio-tantalite phase has the same 
edges as that of the Mesa Grande specimen thus hardly proves that it 
has the same Ta—Nb proportions as the latter. 

It may be noted, however, that the lattice constant of the microlite 
phase has turned out to be the same as that of CaNaTa,0,F. According 
to the analysis of the specimen, performed by Miss BERGGREN, it con- 
tains, however, only about half as many Na as Ca atoms. Consequently, 
if all Ca and Na atoms enter the microlite phase, it cannot be composed 
according to the ideal formula CaNaTa,0,OH. In addition to Ca and 


Ill 
Na atoms there must be a number of Sb atoms in the position 16(e). 


That the lattice constant nevertheless is as high as 10.40 A may be due 
to a substitution of O by OH in the position 48(f). The water content of 
the mineral specimen is high enough to make such a substitution seem 
reasonable. 


Summary. 


The Ca and Na atoms of a mineral such as microlite, CaNaTa,0, 
Nii 


(OH,F), may be replaced by half their number of Sb atoms or by two 
thirds their number of Ca atoms without any further change in structure. 
O may be substituted by OH or F and vice versa. Finally, the com- 
pounds AgSbO, and NaSbO, (of which the latter also occurs in a form 
isomorphous to ilmenite) have the same structure as microlite, except 
that the OH and F of the latter are missing. The correct general formula 
for the pyrochlore-atopite-microlite minerals seems thus to be X,Yo 
(0,0H,F),(OH,F,O),, where x may vary from at least 1 to 2 and z mag 
have all values from 0 to 1. 

A disintegrated Varutrisk mineral, called stibio-microlite, has been 
investigated by means of X-ray powder photographs. The following 
phases were identified: stibio-tantalite, which is ortho rhombic, with 
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he lattic dimensions a = 4.92, b = 5.54, c = 11.78 A, microlite with 
, unit cube edge a = 10.40 A, native Sb, and senarmontite with normal 
attice dimensions. The two first-mentioned phases were found to be 
he dominating constitutents of the specimen. 


Finajly, the authors wish to thank Mr K. Diausrrém and Mr N. 
SCHREWELIUS of this Institute, who have kindly permitted some of 
heir results of X-ray studies on stibio-tantalite and other antimonates 
o be communicated before their own publications appear. 


Institute of General and Inorganic Chemistry of the 
University, Metallographic Institute, 
Stockholm (Sweden). March 1938. 
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Varve datings contra suppositions. 


By 


GERARD Dr GEER. ; 
(MS. received ™/, 1938.) 


Some years ago, when with a representative of the far Kast dis- 
cussing the earthquakes of his country, I remarked that the earth 
crust of Sweden had not always been as quiet as nowadays. At the 
very end of the last Ice Age, when the heavy load of ice disappeared, 
as is plainly demonstrated, the whole of our country was considerably 
upheaved in the region of maximum land-elevation by the enormous 
amount of up to 15 m per century or 15 cm per year. It must have been 
followed by vigorous earthquakes, but we did not immigrate at that 
time and have thus no human documents concerning real earthquakes. 

Later on, when describing the geological subbasement of the new 
Stockholm aerodrome at Bromma (1), I made use of that conclusion in 
order to explain the extraordinary multitude of big boulders in hundreds 
and thousands, immediately at the west side of the aerodrome, heaped 
up along the receding front of the last glaciation within a well marked 
zone, no less than 12 km in length, nearly but not quite in the direction 
of the glacial striae. 

Almost without interruption, along the whole of this zone, a sequence 
of frontal moraines occurred, shoved up by the receding ice-border 
marking a definitive part of the ice-front, thus indicating the breadth 
of the boulder-zone as only about two kilometers. 

This very striking, rather sharply limited, local mass-occurrence of 
great boulders — while the bed-rocks were the same even on both 
sides where boulders were almost totally lacking — seemed very diffi- 
cult to explain without the assumption of a local subterranean magma- 
movement with earthquakes and corresponding boulder production. 
Karlier boulder-occurrences, here just as well as in the surroundings, 
ought to have been long since carried away during the whole of the 
preceding Ice Age. 

Towards the very south end of the morainic zone the local heapin 
up of boulders, in number as well as in size, reached a most pronounce d 
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naximum. Here it seemed to be the very origin of the subterranean 
novement, when rising from a greater depth. This was at a landice 
vorder dated to the year 1050 before the zero-year of the Ice Age, 
his latter being 8640 years before 1900 A. D. Further details will soon 
»e ~=published. 

Another radial zone of frontal moraines occurs as a dense school 
1eaped up along the western side of a topographically marked fault- 
step, bordering the easternmost bay of Lake Venern. Those crowds of 
small frontal moraines seem to be strictly limited to the western foot 
of that fault-line and may indicate a local boulder production by earth- 
juakes along that tectonic line. 

Also at some other localities it seems that lots of such small frontal 
noraines from the last ice-recession were heaped in such a way that it 
secomes difficult to avoid the assumption of some local factor for the 
production of such local boulder masses at the very end of the Ice Age. 

Now it seems to me as a rather interesting problem for travelling 
reologists, visiting especially marked occurrences of such frontal 
noraines, to note where they may be limited in a way, pointing to some 
onnection with tectonic features or, on the opposite, where they occur 
without any such connections. 

This would be a new means of tracing a tectonic effect of the well fiexd 
onsiderable late Glacial movement of the earth-crust, especially within 
the most upheaved parts of our country. 

As to another kind of morainic deposits, which I have designated as 
noraine-rafts, they seem also to deserve further investigation. In 
some cases they have no doubt very naturally been misunderstood as 
Tue moraines, still 7m situ. 

But the true moraine-rafts, though consisting of genuine, typical till, 
1ave not been directly deposited by land-ice, but by drifting ice-bergs, 
is in many cases is definitively proved. Thus the first moraine-rafts of 
vhich their true nature was certified were found near Stockholm (2). 
[They were exposed along the whole of their length, or some 30—50 m, 
ind were nearly or quite 1 m thick. Their subbasement of practically 
indisturbed varved clay was well exposed, and they were partially 
sovered by very thin, so-called microdistal] varves of the 
ame clay, showing that, at the time of their deposit, the ice-border had 
etreated during quite a number of centuries. In some cases their con- 
ent of erratics, with masses of cambrosilurian rocks but a total lack 
yf the local ones, made it evident that they had been carried to their 
jlace by an ice-berg from a more eastern ice-radius. This made the 
lrifted origin of such moraine-rafts very obvious, but, as was to be ex- 
ected, also in a number of other moraine-rafts as well in the Stockholm 


238 GERARD DE GEER. [Mars—April 19 


Figs. l and 2. Givle region: continuous varve connection 


Figures: years before zero; italics: bottom varve. 


DALARNA GASTRIKLAND 
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R. Rérberg 630 GRUFMAN 
Ti. 1. Tierp, Breding (660+) CaLpENIvS ; 
be RE » Hall 682 » 


region as to the south of it, were lacking cambrosilurian material and 
were thus derived from other land-ice radii. Still their origin from 
drifted material was often easily determinable where they occurred 
more or Jess sharply limited accumulations upon the generally boulder- 
free surface of the oses. 

Now the varve datings around the Bothnian Sea have shown that du 
ring the century 700—600 years before the zero-year and evidently just 
after that the receding ice-front had reached the critical depth for ice- 
berg fracture, this also had started in a rather catastrophic way and did 
not stop, until the receding ice-border reached a steeper land-slope at 
the actual coast of Norrland. : 

This means that during the century named an enormous mass of ice- 
bergs, probably often of great size and of the so-called antarctic type, 
must have been fractured from the Bothnian ice-border. And, /ine ille 
lacrime, this was no doubt the origin of the real deluge of moraine-rafts 
which seems to have inundated the sea-bottom of that time, even as fart 
as to the Stockholm region being a cause of many misstakes. 

Judging from what I have seen of considerable boulder-heaps, espe- 
cially on the oses in the higher parts of the former sea-bottom in ques- 
tion, where ice-rafts often may have stranded, it seems very desirable if 
travelling geologists would observe and plot on their maps the occur- 
rences of such moraine-rafts, which of course are most easily observed 
on the oses but no doubt also often occur on the plains, where not sel- 
dom they are deposited over as well varved clay as the true till, though 
s ometines distinguishable by a different coarseness. 

Anyhow, in the region SW of the district named with the catastr 
phic ice-berg ftiaca over the Bothnian depression, or exactly i 
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Giivle region: ice-recession. 
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Fig. 1. Varve diagrams. 


Triennic variations: heavy lines. 


Fig. 2. Map of oses and varve localities. 


Oses black, where not concealed by lakes. Triangles: bottom varves. 
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the Giivle region, it is easily understood that moraine-rafts may 
exceptionally common and easily mistaken for directly land- 
deposited till. 

It occurs also, as e. g. at the brick-work of Abyfors, that the vary: 
clay partly has been intensely folded by ice-bergs, pushed on from t 
Baltic and that, at several levels, it is interbedded by undisturbed varv 
covered only by postglacial sand without any trace of till. Between so 
of the varves appeared locally downslidden beds of gravel from the 
adjacent ose, upon the foot of which the clay evidently reposed. 

Now the clay in question was said to have been traced by borings a 
the way to a clay exposure, believed to be covered by ose-material in a 
section through the gravel of the ose in question. Being definitivel 
settled that the clay of the brick-work was younger than the ose, this 
made it evident that at the deposition of the varved clay just named the 
ose itself here already had the direction NE—SW, for the explanation 
of which a special later, hypothetical ice-oscillation thus was totaly 
useless. 5 

Furthermore, the superposition of the gravel upon the varved clay 
in question must have been caused by secondary down-wash. Hereby 
it is of no consequence that at present this is the highest remaining part 
of the ose, of which in such an open situation very considerable masses 
of originally no doubt higher parts nessarily must have been denuded. 
Thus at Stockholm as well as at Uppsala it has been possible directly 
to show that the oses have been lowered by wave erosion more than ten 
meters. : 

It was thus in full accordance with the conclusion named that the 
varved clay in question was covered, not at all by ose-material in situ, 
but only by postglacial marine down-wash, when CALDENIUS found, 
below it and above the underlying varved clay, a thick postglacial 
shell-bed, blue of Mytilus edulis. 

Of other scattered observations, which were assumed as indications 
of a special] renewed ice-oscillation, the two sets of striz, occurring on 
different faces of the roundrocks, is a rather common phenomenon 
where successive changes in the ice-flow have occurred, as in the Stock- 
holm region with the last dominating direction about N—S and with 
another one almost immediately preceding from about NW but soon 
afterwards mostly worn away, with exception of rock-faces on the lee- 
side of the last ice-erosion (2). 

That to the west of Gavle a local set of marked frontal moraine 
oriented toward the same local indentation of the ice-border as the be- 
wildering local bow of the Giavle ose, are reported to be higher than most 
of the frontal moraines in the Stockholm region, must be due to a locally 
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somewhat greater occurrence of till-material, but seems scarcely ex- 
plainable by a special, new ice-oscillation, having only to work with 
material possibly left by the preceding one. 

When, in 1905, preparing the first systematic determination of the 
ice-recession past the Upland peninsula, I especially emphasized that 
mn this area the exceedingly well developed and continuous oses, repre- 
senting the coarser constituents of the melt-sediment in question, indi- 
sated that also the finer parts of the same sediment ought to be equally 
regular and uniform. 

This was also certified in a most satisfying way, when in 1905 
by the great number of measurements, which along this first part 
of the Swedish time scale were carried out by numerous participants. 
These made their varve measurements independently of each other, 
sveryone for his part of the line, but all the overlapping varve 
series gave afterwards a highly satisfying reciproque control. 

At the beginning of the discussion concerning the supposed Gavle 
oscillation I exhibited the varve measurements tabulated already in 
1905 and fixing for about every third year the extremely regular and 
undisturbed, last ice-recession over so great a part of the region in ques- 
ion, that the possibility of any later ice-transgression was totally ex- 
sluded. It goes without saying, that the varve-diagram here presented 
forms a direct verification of that regular. icerecession. 

Here it may be remarked that the quoted measurements of 1905 
which, already a quarter of a century ago, had settled the principal 
fact of continuous ice-recession obviously registered by continuous 
yse- and finer melt-sediments, were all executed in the region named, 
feleconnections with other countries being not even discovered at that 
ime. That afterwards ReKstrapd’s varve-series from Aardal in Sogn was 
found to correspond remarkably well, gives no reason at all for the 
surious prejudices against this valuable measurement. 

Anyhow, only local Swedish varve series are given in the diagram 
which I lately published in the papers of the Swedish Academy of Sci- 
nce (3), showing, by a whole net of observations with numerous cor- 
responding details, how the last ice-recession from the Givle region 
und the adjoining provinces retired northwards quite regularly and 
vithout any real oscillation at all. Furthermore this happened exactly 
ut the time when the adjacent part of the land-ice occupying the 
Bothnian depression from where the assumed ice-oscillation should have 
some, on the contrary had been found to exhibit an enormous, rather 
satstrophic recession, thus being utterly incapable of any extra exten- 
sion. 
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The Anorthosite and Kenningite of the Nordingra-R6dé Region. 


A Contribution to the Problem of the Anorthosites. 
By 


Harry von ECKERMANN. 
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Lon ter o dit eit om, 


The origin of the anorthosites has for years been the subject of great 
interest and intense discussion. Dany (5 p. 419) summarizes the result- 
ing actual state of the problem by emphasizing the probability of the 
large late pre-Cambrian volumes of anorthosites being gravitational 
segregations of plagioclase crystals in initially basaltic magma within 
large chambers of the floored type of injection whence the anorthosites 
in part were moved and intruded anew after their separation. He also 
points out that some of the anorthosites may have been generated in 
chambers hot enough to permit a limited solution of foreign rocks and 
perhaps some re-solution of sunken crystals of plagioclase, too. He stres- 
ses the non-discovery of any volcanic equivalents of anorthosite, al- 
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though the parent basaltic magmas may have fed volcanoes above th 
roofs during the hot stage before any appreciable separation of plagi 
clase could have taken place. 

ALLING, too, reviews the anorthositic problem (1, p. 309), opposin 
Bowen’s opinion (2) that the freezing temperature of the plagioclases, 
the principal components of the anorthoclase, surpasses the normal 
magmatic temperatures and excludes the possibility of the anorthosites, 
ever being molten. Such a conclusion, according to ALLING, infers the 
preclusion of volatile (hyper-fusible) constituents as well as their accom- 
panying lower melting-intervals and pegmatitic phases. The anortho- 
sites should, consequently, lack intrusive and assimilative power, whereas 
ALLING strongly emphasizes the presence of pegmatitic veins cutting 
the Adirondack anorthosites, as well as a saturation, soaking and assi- 
milation of the surrounding Grenville sediments by the anorthosites. 
Bax, on the other hand, strongly opposes Alling’s reading of the field 
evidence, and believes the responsible liquid to be derived from the 
parental magma out of which the anorthosite separated, and not from 
the anorthosite itself. 

The general discussion largely revolves round the question whether 
the solid crystals of plagioclase sink or rise under the influence of gravity. 
Brskow, BuDDINGTON, GOLDSCHMIDT, GRouT, LARSson and LoEWING- 
son-Lessine postulate rising, while Bowen and I. H. K. Voer advocate 
sinking. While Grout in Minnesota found the plagioclase crystals to 
have risen, Bak claims the delicate balance in specific gravity to be 
largely neutralized (in the Adirondacks) by flowage pressures. Many 
authors stress the importance of the supposedly universal protoclastie 
texture of the anorthosites but, on the other hand, Voar, supported 
lately by Dany and Auurne, drew attention to the bulk of the Rhodesian, 
Minnesotan, Norwegian and Bushveld anorthosites being massive coarse- 
grained rocks of plutonic character exhibiting practically no strain 
phenomena. 

ALLING concludes his recent review by holding the question of gra- 
vitative separation open for further information. Finally, it may be 
worth remembering that Voer believed an initial temperature of the 
order of 2 000 C° to have characterized the anorthositic liquid felspar 
rock, which he assumed to have originated by repeated redissolving of 
sunken crystals of plagioclase. 

The present author believes himself able to supply some new useful 
data both on the subject of the separation of the felspar crystals, as 
well as on the problem as a whole. During his studies of the Fenno- 
scandian Jotnian eruptives, he also made the well-known anorthosite 
area of Nordingra, previously described by LuNpBoxM (14), H6gBom (13) 
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ind Sopra (15), the subject of a renewed detailed investigation, justi- 
ied by the earlier petrologists’ cursory treatment of the tectonical and 
themical features. 


Stratigraphy and Tectonics of the Nordingra 
Anorthosite. 


The Nordingra anorthosite occupies an area of about 33 square 
cilometres, outcropping to the east of, and adjoining, the Nordingra 
sabbro. The region has been very ably mapped by Sosrat, and only 
minor discrepancies, brought to light by extensive road-work within 
she region, were noticed by the present author. 

SOBRAL came to the conclusion that the early Jotnian (by him termed 
sub-Jotnian) rocks of the Nordingra region crystallized in the following 
wscending order: anorthosite—gabbro—monzonitic rocks—rapakivi 
granites. To support the assumed stratigraphic position of the 
morthosite as the oldest rock of the series, he advanced the following 
jeld evidence. 

1) On the peninsula to the west of Rafsviken there occur within the 
morthosite two small outcrops of partly porphyritic gabbro containing 
yg fragments of the former. The porphyritic gabbro also intersects the 
surrounding anorthosite in the shape of dikes. 

2) On the southern shore of Lake Storsj6n, medium-grained some- 
what porphyritic gabbro dikes cut through the anorthosite. Similar 
likes occur at Higgviken intersecting the normal gabbro as well as the 
inorthosite. The dikes are even-grained right out to the contacts and, 
onsequently, show no chilled margins. 

3) Both the anorthosite and the grabbro are both intersected by 
he rapakivi granite which, in places, even assimilates the basic rocks 
wroducing hybrid types. 

Consequently, Soprat considered the anorthosites to be considerably 
Ider than the gabbro, regarding them as earlier but consanguineous 
ntrusions. He overlooked several important items however. 

To begin with, the absence of chilled margins indicates a fairly high 
emperature of the anorthosite at the time of intrusion of the gabbro- 
likes and suggests no great hiatus between the »mise-en-place»y of the 
wo. Secondly, he failed to notice the striking petrographic difference 
tween the normal gabbro and the »porphyritic gabbro», which latter, 
ven if no analyses were available at the time, differs considerably from 
he former, both when examined under the microscope and when viewed 
1 the field. Thirdly, Sopra, by not paying sufficient attention to the 
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Fig. 1. Map and Section of the anorthositic area of Nordingra. 


tectonic features, missed the evidence already suggested by his map of 
the sheet-lhke configuration of the anorthosite-yintrusivey. 

To the appended map of the anorthosite-area, Fig. 1, based on So- 
BRAL’s survey, the present author has added two E. W. vertical sections, 
which illustrate the stratigraphic position of the anorthosite on top of 
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he gabbro. The configuration of the gabbro-intrusive itself is not as 
yet fully elucidated perhaps, but the agreement of the slight pitch of 
he anorthosite-sheet towards E—SE with the emplacement of the 
superimposed sediments and diabase-sheets suggests a correspondingly 
heet-like floored intrusion of the gabbro. 

The present author has recently shown (6) that the rapakivi granite, 
though it may have erupted into the open (as porphyries) farther to 
he east within the adjoining region now covered by the Baltic, certainly 
ntruded along its western boundary at Nordingra under a roof of 
irchaean migmatites. The universally sheet-like intrusions of the rapa- 
civis at high level within the outer earth-crust which were suggested by 
he author as a deduction from his survey of the Hamra Jotnian area 
vere amply confirmed by his investigations at Nordingra. Another 
ybservation, hitherto not published, may also be added. 

Crossing the N. Ulfé Island outside Nordingra from W to E, rapakivi- 
ranite is found to alternate with younger diabase, the latter occupying 
he central position. The highest topographic levels are alternatingly 
epresented by either granite or diabase. Soprat, who apparently 
onceieved the diabase as an almost vertical, big dike-intrusion, explained 
his inconsistency between stratigraphical and topographical levels 
iS being the result of extensive faulting running parallel to the boundar- 
es between the two rocks. The present author, however,’found the 
liabase to represent an inclined sheet within the granite. The basic 
ntrusion has followed the planes of internal strain, originated within 
he granite by its cooling having progressed along isothermal planes 
arallel to the cold roof of the intrusion-chamber. The tectonic emplace- 
nent of the diabase may, consequently, be also said to confirm the 
heet-like configuration of the rapakivi-intrusion. 

Returning to the gabbro-intrusion which preceded the rapakivi in 
he same »archaean intrusion-chamber», a sheet-like configuration of 
he former rocks is therefore strongly suggested, even if unrefutable 
roofs are lacking. 

When examining the basal contacts of the anorthosite-sheet towards 
he gabbro, the joint is found to be rather diffuse. In some places there 
; a gradual merging of the two rocks into each other, but in most in- 
tances they are separated either by finer-grained dark porphyritic 
ocks or by very coarse-grained, light-coloured pegmatitic rocks. In 
o case have any chilled margins between the different rock-types been 
yund. Both the porphyritic and the pegmatitic gabbro penetrate as 
ikes into the overlying anorthosite as well as into the underlying gabbro. 
n the latter case, however, the porphyritic gabbro may be observed in 
-veral instances to originate from a porphyritic zone which constitutes 
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the upper part of the gabbro. This zone, although grading downwar 
into the gabbro, is well distinguished from the latter, the transiti 
being confined to a small vertical distance. Porphyritic gabbro-dike 
occurring at some distance from the gabbro, such as those at Storsj6 
are present as slightly inclined sheets within the monomineralic anorth 
site. Even if they cannot be traced in the field right out to the gabb 
contact, their mineral composition and general habit is identical wit 
the dikes originating from the regionally emplaced porphyri 
gabbro. 

As follows from their petrographic and chemical description giv 
below, they may be termed prophyritic norites. 

Special attention is called to the pegmatitic rocks, as they are easi 
confused with the anorthosite on account of their light colour. As shown 
by analysis V in this paper, they are of gabbroid composition and ai 
termed »gabbro-pegmatites». To the east of Vagfjairden, as well as 
other places, they strongly brecciate the anorthosite. They general 
occur close to the basal contact-zone of the anorthosite-sheet or wit 
the same at localities which, on account of their topographic positi 
as compared with their tectonic emplacement, may be assumed to be 
situated at no great distance from that basal zone. Part of the area 
mapped by Sorat as anorthosite is really extensively invaded by the 
gabbro-pegmatites. : 

All field evidence combines to show the very intimate connection 
existing between the gabbro and the anorthosite and speaks definitely 
against any real »hiatus» between their »intrusions». The latter seems 
to have developed out of the former »in situ» as there is no distinet 
contact-surface between them but a zone within which the basic dikes 
and pegmatites overlap the gradual normal merging of one rock into 
the other. 

Finally, within the gabbro itself there are also found two quite different 
types of hololeucocratic or leucocratic dikes. They have recently been 
described by the present author, who has termed them »biotite-soda- 
clase-aplites» and »prehnite-sodaclase-pegmatites». (7). Of these dikes 
the aplitic type seems to be confined to the gabbro proper, while the 
pegmatitic ones also penetrate the anorthosite as well as the gabbro- 
pegmatites, but has never been observed to intersect the porphyritie 
gabbro. Both types of dikes generally intersect the gabbro in the form 
of more or less inclined thin sheets, rarely inclined more than 45° from 
the horizontal plane. They occur in swarms suggesting intrusion into 
contraction-fissure-zones developed roughly parallel to the uppel 
cooling surface of the gabbro or close to its contacts against older ar- 
chaean rocks. They seem to have congealed at a time when the maif 
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lume of the gabbro was already frozen and, in the case of the soda- 
ase-pegmatites, also later than the gabbro-pegmatites. 
Sosprat observed pegmatites cutting the anorthosite about 500 m 
the south of Rafsén. The dominating minerals orthoclase, albite 
id perthite, indicate a close relationship to the sodaclase-pegmatites 
scribed by the present author (7), although the Rifsé rock apparently 
es not contain prehnite. The dikes may be taken as less extremely 
fferentiated sodaclase-pegmatites. Sopra could not decide whether 
ley were pegmatites of the anorthosite or of the gabbro and the present 
ithor, too, left this question an open one in his paper on the late 
fferentiates of basic magmas (7). An attempt to answer the question 
ill now be made farther below. 
Finally it may be pointed out that Sopra seems to have completely 
rerlooked the gabbro-pegmatites proper, a pardonable mistake when 
» had no analyses at his disposal, besides the three equally coarse and 
tht-coloured rocks anorthosite, gabbro-pegmatite and sodaclase-peg- 
atite being megascopically confusingly alike, especially on weathered 
tfaces. Through the new road-blastings, however, attention was 
rected to the presence of the gabbro-pegmatites. 
Summing up the field evidence, the following sequence of develop- 
ent is suggested: 
1) Intrusion of gabbroid magma into a floored and roofed sheet- 
<e space within schistose archaean migmatites occupying a high level 
ithin the earth-crust in consequence of previous extensive erosion; 
2) Separation of plagioclase crystals towards the roof of the chamber; 
3) Concentration of volatiles in the upper portion of the gabbro 
wards the frozen, but still fairly hot, new anorthositic roof; 
4) Concentration downwards of femic constituents within a restricted 
yper »reaction-zone» of the gabbro-laccolith; 
5) Congealing of the bottom part of the gabbro-magma; 
6) Concentration of aplites and sodic pegmatites within tensional 
mes of the freezing gabbro; 
7) Brecciation of the covering anorthosite-sheet by the gabbroid 
omatites; 
8) Brecciation of the anorthosite as well as of the gabbro-pegmatite 
the more high-tensioned sodic pegmatitic solutions; 
9) Intrusion of the still fluid, femically enriched, gabbro-norite as 
lined sheets along tension-zones within the frozen but still hot 
orthosite-gabbro-pegmatite» roof. 
The field evidence, consequently, suggests a sequence of some very 
zaling features hardly consistent with the generally accepted mechan- 
of differentiation. To begin with, one may well ask how a rising 
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separation of felspars agrees with a pegmatitic concentration un 
neath. Secondly, the subsequent concentration of a strongly mela 
cratic porphyritic magma-fraction on the top of the less femic a: 
supposedly less dense gabbro is contrary to expectation, as is also 
brecciation of the salic differentiates by this basic differentiate. 
would have expected the most basic, heavy differentiates to have setth 
towards the bottom of the magma-chamber and the most pegmati 
to have collected under the roof, especially as there is no indication 0 
any disturbing orogenic movements interfering with a normal sequené 
of differentiation. 

In order to confirm the validity of the field evidence and arrive a 
reasonable explanation of the origin of the various part magmas af 
their emplacements, a mineralogical and chemical study of the roe 


is necessary. : 
The mineralogical and chemical compositi@l 
of the rocks. p 


The following rocks were sampled and analysed: 

1) Normal gabbro from the western part of the intrusion, viz, at: 
low level within the laccolith (Anal. 1); 

2) Normal gabbro from the eastern part of the intrusion, viz, at : 
high level close to the differentiated part-magmas (Anal. IT); 

3) Anorthosite from a low level within the anorthosite-shee 
(Anal. III); 

4) Anorthosite from a high level within the anorthosite-shee 
(Anal. IV); 

5) Gabbro-pegmatite, brecciating the anorthosite (Anal. V); 

6) Porphyritic noritic gabbro, intruded into the anorthosite (Anal 
VI). 

The analyses represent average samples of typical rocks, collectec 
throughout an approximate volume of 100 m® of the respective rock 
Two analyses were executed in my private laboratory; for the others 
am greatly indebted to Dr. N. SaHLBom. 

As to the analyses and descriptions of the sodic differentiates of th 
‘gabbro, reference is made to the author’s contemporaneous paper | (7) 
data from which are used in the following discussion of the differ 
tiation of the gabbro-magma. 


The Gabbro. 


The gabbro of Nordingra was first described by LuNDBoum (15) al 
later by Soprat (16), but no analyses were published. The mode of tl 
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Analysis No, I. 
Gabbro at Hallsj6 Lake, Nordingra. 
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Analyst: H. yon Eckermann. 
eens ee 
Mol. wobas 
% Pini Norm Mode Niggli's Osann’s 
x 100 9% System System 
SiC, 51.77} 86.20/Q. . 5.95 | Labradorite qz +6 s 59.0 
rio, 3.40| 4.26/Or . . 832] (Ab,,An,,) . 48.7] 8i 140 |A 3.6 
PO, 0.41) 0.29|Ab . . 20.24|Pyroxene*). . 29.1/ ti 6.98/C 6.3 
A1,0, 15.43; 15.14] An . . 26.98 | Ores 6.5 | al 24.5 |F 210 
FeO, 1.20) 0.75] Ssal_ . 61.67 | Quartz 5.4 | fm 47.5 |a 3.5 
FeO 12.07 | 16.82] aj. .77|Orthoclase. . 5.2/c¢ UDL5) | Gummo0 
MnO 0.18) 0.25) hy 24.84 | Biotite 4.1] alk 8.5 |f 20.5 
MgO 4.41) 10.94/47. 6.49 | Apatite 1.0| mg Os7in 7.4 
a0 6.90| 12.30| mt 198 jannik 0.28;k 1.07 
Hs,0 2.89| 3.86lapn |) 0.97 “le/fm 0.41 
RK, 1.88) 1.47) Stem . 87.86 |*) About 2% olivi 
© 2 : 2% olivine 
mote) 60.56) 8.11 H,0 0.56 and 2.1 % amphi- 
100.08} — Pele 
100.10 | Quantitative System: III: 5: 4: 4 — Auvergnose 
4 Or: Ab: An — 14.93: 36.65: 48.42. 
H,O—105"| 0.16 2 
Sp. gravity 4 O°: 2.961. 
Analysis No. II, 
Gabbro at Koérning, Nordingra. 
Analyst: N. Sahlbom. 
Mol. a4 ? 
Mode Niggli’s Osann’s 
> 3 100 —= % System System 
SiO, 52.09| 86.73/Q. 6.95 | Labradorite qz 140'5 |s 5915 
TiO, 3.82} 4.16] Or 8.88| (Ab,,An,,). 43.4/si + 65 |A 3.5 
EO; 0.86; 0.25/Ab . . 19.91] Pyroxene *) 27.9 | ti 6.81/C 6.1 
A1,05 15.10| 14.81} An . . 26.41 | Biotite 10.0 | al 24.0 | F 21.8 
Fe,0, 1.41| 0.88| gal . 61.60 | Quartz 8.8 | fm 48.0 |a 3.5 
FeO 11.92) 16.59\qi. . . 407|Ores . -. 6.8) ¢ 19 Scam 6:0 
nO 0.22} 0.31} hy 24.50|Orthoclase. . 2.7 | alk 85 |f 20.5 
gO 4.49| 11.14] jy. 6.34| Apatite... 0.9| mg O37 neee deca 
aO 6.82| 12.16 | mt 2.06 Ton ge 0.28/k 1.10 
a,0 2.34 Our ap 0.92 ™ | e/fm 0.41 
0 1.39| 1.48 : F 
2 ° pe Stem . 37.89} *) About 4.5 % am- 
ee Oe) 40070. . 0.72|  phibole 
100.21 


° 
,0—105 


Quantitative System: 
Or: Ab: An — 15.238 


20 
Sp. gravity | C*: 2.921. 


Ill: 5: 4: 4 — Auvergnose. 


: 86.41; 48.29. 
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Analysis No. ILI. 
Anorthosite, east of Vagsfjirden Lake, Nordingra. 
Analyst: N. Sahlbom. 
ped Mode Niggli’ 
ggli’s 
% Sea Norm 4 System 
Sid, 51.75 | 86.16/Q. 0.47 | Labradorite lqz —3 
TiO, 0.50} 0.63) Or 8.85| (AbjgAn,,) . 72.8 | si 141 
PaOe tr —|Ab . . 27.78 | Pyroxene, chlo- | ti 0.98 
Al,05 25.98 | 35.44 | An 52.03 | rite and ser- | al 41.5 
¥e,0, 0.80} 0.50) Ssal . 88.13 | _ Pentine *) 11.8 | fm 16.0 
FeO B.18| 4.83] az. - 1.58 | Prehnite**) . 6.0) 31.5 
MnO 0.05} 0.07 | hy 7,22 | Quartz 5.2 | alk 11.0 
MgO V2) AST ay. Ode (Ones Mies. 2.5 | mg 0.44 | 
CaO 10.86 19.87 mit 1.16 | Orthoclase. . 1.7) k 0.22) 
HO +108° 0.62 3.39 fem . 11.52 
BaO 0.00 “"|H,O . 0.62] *) Some biotite | 
k : 
s 0.19| 0.59 100.26 |**) Some epidote | 
100.26 | Quantitative System: I: 5: 4: 4 — Labradorose. 
Tr O22084 020 Or: Ab: An — 9.48: 31.12: 59.40. 
> . 20 
: Sp. gravity Zz C°: 2.767. | 
Analysis No. IV. 
Anorthosite, east of Vagsfjirden Lake, Nordingra. 
Analyst: H. von Eckermann. 
Mol. sts } 
% Prop. Wo: ni Mode | Niggli’s Osann’s 
x 100 9 System System 
| 
sid, 51.41] 85.60} Or 6.67 | Labradorite az — 5.5 |s 585m 
TiO, 0.27) 0.84) Ab . . 29.84) © (AbjgAng,) . 90.1 | si 140.5 |A 4.6 
le Oe tr —|An . . 56.46} Pyroxene. chlo- | ti 0.57|C 14.0) 
Al,0, 27.88] 27.35/C. . . 0.20] rite and bio- | al 45.0 |F 41 
Fe,0, O-60i5 =0.4.1)) Seale aaty te thu sees ee OSnal try 10.5 |a 6.0m 
FeO 1.94; 2.70/9). , . 9%g[Actinolite .. - 2.1J¢ 33.0 |e 18.5 | 
MnO 0.05) 0.07 | hy 2.48 | Prehnite *) and | alk 11.56 |f 520m 
MgO | 1.12 77/i7. . . 0.49| Serpentine. - 2.5 | mg 0.44/n 83 
CaO 11.40| 20.33| m+ . . 0.94|Orthoclase. . 1.2/k 0.17; k 0.84 
oS ee she Sam cee Ores . 0.6 | c/fm 2.87 
3 wl : er SSeS 
H,O+105 0.48) 2.66 | H20 _-_0.59 100.00 
H,O0— 105") 0.11 — 100.00 | *) Some epidote 
| Quantitative System: I: 5: 4: 4 — Labradorose. 
| Or: Ab: An eae 82.09: 60.73. 
ee Eee 2 
9.08 Sp. gravity —g C°: 2.681. 
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Mol. 
4 Pion een Mode Niggli’s Osann’s 
x 100 % System System 
alan ne en eel ea a Ah a Pe 
SiO, 50.91} 84.77; Q. 1.68 | Plagioclase qz —9 s 55.8 
0, 1.05} 1.381] Or 11.11} (Ab,,An,,Or,,) 52.8 | si 125 |A 3.5 
P.O, 0.24} O.17|Ab . . 17.83 | Serpentine ti 189i (C6 
Ai,O, | 15.10| 14.81/An . .26.19| (Amphibole). 23.1/al 215 |F 25.0 
Fe,0, 3.25| 2.04| Ysa]. 56.81 | Pyroxene 12.9 | fm 53.0 |a 3.0 
FeO 6.21) 8.64] 4). 4.74 | Ores 6.5 | c 175 'e 5.5 
MnO 0.10} 0.14) hy _ 28.52 | Orthoclase . 2.1 | alk 8.0 |f 21.5 
MgO 9.69) 24.03] 37 . 1.98 | Quartz 1.8 | mg 0.62|/n 6.8 
CaO 6°89] 12.29 | nit 4.70 | Mica 0.8|k 0.87|k 0.95 
Na,O 2.10} 3.39 | ap 0.63 700.0 | ¢/fm 0.33 
K,0 1.85 1.96 Sfem . 40.57 ; 
H,0+105 2.61| 14.49/56 °°9¢1| .. Sericitic alter- 
BaO 0.00 —j; 2 _ =| ation of plagioclase 
99.99 }is included in the 
plagioclase 
100.00 | Quantitative System: III: 5: 4: 4 (8) — Auvergnose. 
: : — 5: 32.34: 47.51. 
H,0-105 0.20 Or: Ab: An 20.15: 32.34: 47.51 
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Analysis No. V. 
Gabbro Pegmatite, at eastern shore of Vagfjirden Lake, Nordingra. 


Analyst: N. Sahlbom. 
Seer 
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er 20) 
Sp. gravity ye C*: 2.667. 


Analysis No. VI. 


Porphyritie Noritic Gabbro. 
Analyst: N. Sahlbom. 


Dike at Storsjén Lake, Nordingra. 


K,0 
H,0 + 105° 


H,0—105° 


Mol. 
Prop. 
x 100 


66.73 
7.02 
1.00 

10.73 
3.06 

27.03 
0.49 
2d. 

17.80 
3.11 
0.51 

11.55 


Norm 
Or 4.60 
Ab . 16.26 
An , 19.78 
sal . 40.64 
di. 217,42 
ol. sete 3 
Liye 2G 
rh li . 10.64 
mt Zeal; 
ap 3.82 
fem . 57.38 
HOlss 22-08 


100.10 


Mode 

% 

Labradorite 
(Ab,;An;,) . 40.1 
Pyroxene -. . 23.7 

Serpentine and 

chlorite . . 15.9 
Ores 16.9 
Apatite 3.4 
100.0 


Niggli’s 

System 
qz — 28 
si 92 
ti 9.49 
al 14.5 
fm 56.0 
c 24.5 
alk 5.0 
mg 0.18 
k 0.16 
c/fm 0.44 
Pp 1.36 


Quantitative System: III: 5: 4: 4 — Auvergnose. 
Or: Ab: An — 11.82: 40.01: 48.67. 


fae er 
Sp. gravity gq C°: 3.057. 


Osann’s 
System 
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Niggli’s 
System 
qz — 12 
si 140 
ti 0.99 
| al 32.0 
fm 18.0 
lc 30.0 
| alk 13.0 
| mg 0.50 
\k 0.15 
e/fm 1.66 
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Analysis No. VII. 
Kenningite from Kinningen Island, Rédo archipelago. 
Analyst: H. von Eckermann. 
Mol. 
% Prop. Norm Mode 
x 100 %o 
Si,0 50.90| 84.75] Or . . 6.55 | Labradorite 
TiO, 0.49| 0.61|Ab . . 32,01) (Ab,,A,,) 73.9 | 
P05 tr —|Ne . 1.71 Pyroxene 9.4 
Al,05 24.11| 23.65| An .. . 43.90 | Olivine- 
Fe,0, 0.88} 0.55) Ssal .84.17| pseudomorphs 7.1 
FeO 8.11} 4.388] qai. . . 5.93 | Ores pes Bi, 
MnO 0.05| 0.07] 9) 5.04 | Undetermined 
MgO 2.26| 5.61 }4) , 0.93| matrix 8.6 
CaO 10.80| 18.37) mt 1.32 100.0 
Na,O 4°13') 08 6:66)) = ‘ 
fem . 13.22 
K,0 1.12 xg H.O 2.80 
H,O+105°, 2.80; 15.54] ~ 2 wes 
ees 100.19 
100.15 | Quantitative System: II: 5: 4: 4 — Hessoso. 
F Or: Ab: Ne: An = 7.78: 38.03: 2.03: 52.16. 
H,O—105°| 0.21 
Sp. gravity E Cisne aa 


Analysis No. VIII. 
Kenningite from Kinningen Island, R6d6 archipelago. 
Analyst: N. Sahlbom. 


5 


e 
<1 or DS St GR 50 Bt 


Foro yOQpP# 
oo 
CHOP WAROSM 


% bed AG'a'y be Mode seca a 
x 100 % ystem System 
Ssio, 51.04; 84.98/Or . . 7.75) Labradorite . 72.2|/qz — 7 s 58.4 
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ock is given in Anal. I and II and the sequence of crystallization ofthe 
aain compounding minerals by Fig. 2. The rock generaliy is millimetre- 
rained. 


Hivine 
Hypersthene 


Diopsidic Augite 
Cab ft d.d eo Fb the 


Biotite, Orthoclase, Quartz 


Fig. 2. The succession of the essential minerals of the Gabbro. 


The plagioclase is zonal and is more so in the deep-seated part 
f gabbro, the composition ranging from labradoritic kernels to andesin- 
e shells. The average composition was determined geometrically by 
he present author to be Ab,,An;, at low level within the laccolith and 
\b,,An;3 at higher level. Its basidity increases somewhat, consequently, 
owards the bottom of the gabbro-sheet. 

The pyroxene is in part hypersthene and in part diopsidic. 
‘he orthorhombic and monoclinic modifications occur in about equal 
mounts at higher levels, while at lower levels the former seems to 
lominate. Although this appears to be the general rule, exceptional 
nereases of diopsidic pyroxene towards the bottom parts of the gabbro 
re by no means uncommon. 

The hypersthene is faintly pleochroitic from pale green to pale yellow- 
sh brown. The optical characteristics have been determined as follows: 


(y—@) na = 0.014 2VNa = 51° 
(Y—B) wa = 0.003 
(B—a) xq = 0.011 Yug = 1.728 


This indicates a composition, containing about 60 °% FeSiO3. 
The diopsidic pyroxene is characterized by a fine striation parallel 
o (001) and the following optical values: 


(y—a@) x. = 0.032 WVxq = 49.5° 
(y—P)xa = 0.006 y[Cx, = 42° 
(B—a) x. = 0.026 Yyq = 1.718 


This indicates diopsidic augite of a FeO : MgO—ratio 60: 40, viz the 
ame as that of the hypersthene. Soprat diagnosed the pyroxene as _ 
iallage, believing the fine striation to be cleavages parallel to (100). 
tepeated measurements on the universal stage, however, have shown 
he striation to be an intergrowth along (001) of very thin orthorhombic 
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pyroxene-lamellae and monoclinic pyroxene. There is no diallage pres- 
ent. The primarily crystallized pyroxene seems to have been the hy 
persthene, which is occasionally observed as kernels within the striated 
diopsidic augite.t The common FeO: MgO-ratio of the two minerals 
suggests the modal alteration to be the result of changing equilibrium 
during the congealing of the magma (cf Pl. VI, Fig. 1). i 

The observation also strengthens the present author’s doubt 
- of the validity of many diallage-determinations, found in the petro- 
graphic literature. He believes similar lamellar intergrowth to have 
repeatedly been mistaken for cleavages. He is even tempted to put th 
question: Are there any real diallage-cleavages, or are they not simply 
sub-microscopical intergrowths along (100) or (001)? } 

Hornblende and serpentine occur as auto-metamorphic alteration 
products of the pyroxenes, mainly the diopsidic. A twinned griieriti¢ 
amphibole seems to be derived exclusively from the hypersthene. 

Olivine is generally present, even in the most quartz-bearing t 
of the rock, and is often surrounded by hypersthene. The optic values, 
2Vy_ = 57°, (y—a)yq = 0.044 indicate a variety rich in iron, contain- 
ing 82 % Fe,Si0,. Biotite occurs sparsely as reddish-brown flakes 
and exhibits an unusual variation of the axial angle 2V,, from 0° — 265 
a feature already observed by Sopra. This variation may be a 
with the changes of stability-relations evidenced by the zoning of t 
felspars. Thin-sections showing a maximum of zonar felspar generally 
also contain biotite of very different axial angles. 

As to the minor mineral constituents, reference is made to SopRavs 
paper (16). Zircone in unusually large, elongated crystals may be 
added to his list. Soprat doubted the correctness of RosENBUSCH'S 
suggestion that the gabbro may be essexitic. The present analyses con- 
firm SoBRAL’s belief that the amount of alkalies is too small to allow of 
the rock’s being classified among the essexites. The main difference, 
brought out by the analyses, between the deeper-seated gabbro (Anal. J 
and the less deep-seated (Anal. II) is the higher H,O-percentage and 
the more advanced amphibolization of the latter, which also contains 
somewhat more FeO and CaO but less MgO. 


The Anorthosite. 


The anorthosite was described by LUNDBOHM as a coarse- -grained 
gabbro, and SospraL mentioned the following mineral componen 

primary: Plagioclase, orthoclase, quartz, diailage, olivine, a 
apatite, biotite and pyrrhotite, | 

secondary: amphibole, chlorite, serpentine and magnetite. 


1 This is contrary to the normal reaction series of the pyroxenes of basalti 
magmas, and will be made the subject of a special paper. 
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To this list the present author wishes to add prehnite, as well as 
me epidote, as dominating among the secondary minerals within 
reat. parts of the anorthositic rocks. The »diallage» is similar to that 
' the gabbro. 

As already pointed out, Sopran does not seem to have kept the gab- 
ro-pegmatites apart from the anorthosite and the sodaclase-pegmatites. 
etually, the term used by LuNpxBoxM, »coarse-grained gabbro,» is 
ore accurate within considerable parts of the area mapped by Sopra 
anorthosites. The rock, consequently, is not, as a rule, mono-mineralic 
though the felspars constitute the bulk of the components. According 
) measurements carried out by the present author on thin-sections from 
l over the area, the plagioclase percentage may rise to 90 °% in the up- 
srmost parts of the anorthosite-sheet but falls very quickly at lower 


Labradorite 


Pyroxene 


Chlorite, Prehnite: 
Serpentine, Quartz 
——— — 


Fig. 3. The succession of the essential minerals of the Anorthosite. 


vels, where 75 % seems to be the usual average and 70 % the minimum. 
he mineral composition alone, (serpentine, amphibole, biotite) indicates 
at, simultaneoulsy with falling plagioclase-percentage, the H,O con- 
nt of the rock increases, too. This is confirmed by Analyses III and 
J, which are given together with the respective modes. 
The plagioclase occursas big, tabular, nicely bounded crystals, 
ccasionally attaining dimensions up to 5 cm and more on (010). The 
mposition varies from An;, up to An,, in the most mono-mineralic 
ck. The mineral is only slightly zonal, and sometimes is perfectly 
ymogeneous. It is, however, seldom quite transparent, alterations 
equently making it translucent or opaque. These auto-metamorphic 
condary filling» are mostly sericite and prehnite. The original pla- 
oclase was undoubtedly, at the temperature and pressure ruling at the 
e of separation, fairly rich in Or-molecules, which later became un- 
ble. Free orthoclase occurs only together with quartz, the two con- 
tuting the last minerals to freeze in the interstices of the fabric. The 
tability during perimagmatic conditions may thus be taken as res- 
nsible for the creation of the secondary paragenesis: sericite—prehnite, 
former mineral requiring 66.7 % less SiO, in relation to Al,O, 
n the orthoclase, and the latter mineral 50 % more than the 
orthite. Some of the graphic intergrowths of plagioclase and quartz 
ng the crystal boundaries, already observed by Sopra, may be 
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due to the excess of silica set free by the auto-metamorphism of th 
felspar. } 

The plagioclase occasionally exhibits signs of strain, bent twilling 
lamellation occurring as well as fractured crystals. These features 
though, must not be taken as evidence of any generally protoclas 
texture, as they are confined to local parts and may be observed within 
a slide in a few crystals only, the others being quite unaffected. Thi 
feeble strain-effect has certainly nothing in common with a genera 
secondary displacement of the originally differentiated plagioclase 
fraction of the magma, but is the outcome of increased internal pressure 
yin situy, due to the peri-magmatic concentration of the volatile phases 
as well as, in parts, to the secondary influence of the brecciating gabbro- 
pegmatites. 

The pyroxene occurs partly as small rounded grains, partly 
as angular fillings of the interstices between the plagioclases, whie 
they even seem occasionally to have corroded. They are all monoclini¢ 
of the general character of the corresponding gabbro-mineral, but the 
optical values vary somewhat, as illustrated by the figures below: 


(y—a)ye = 0.080 2Vy,=51°.0 yloy, =457 
(y—O) Na => 0.028 BV = 48°.5 y/Cya = 40° 


Alterations into serpentine or a brownish actinolite are common. 

Olivine is seldom observed, but the serpentine occurring in the 
interstices and even creeping into the joints and cleavages of the plagio- 
clases may be derived from totally decomposed akeue! On the other 
hand it may also represent hydrated magnesia-silicate remaining fluid 
until the last stage of freezing. The composition of the olivine agrees 
with that of the gabbro (cf. Pl. VI, Fig. 2). 

The sequence of crystallization is given by Fig. 3. i 


he Gabbro-pegmatite. 


The gabbro-pegmatite is very coarse-grained, the plagioclases occasio: 
nally attaining 5—8 cm in length. Its mode is given together with 
Analysis V and the sequence of crystallization by Fig. 4. The average 
composition of the slightly zonal plagioclase is that of a labradorite 
Aby: Anss, Viz, somewhat more basic than the plagioclase of the imme 
diately underlying gabbro, but more acid than that of the anorthosite 

The Or-molecule of the norm is mostly bound to the plagioclase, am 
only a small amount occurs as orthoclase. The Or-component of th 
calcic felspar has to a large extent been auto- -metamorphically convert 
ed into sericite in agreement with the corresponding phenomena of th 
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orthosite. Occasionally, too, larger crystals of a megascopically faint- 
pink mica occur, a mineral which seems to be a primary constituent. 
1e mica seems to be a biotite low in iron-content, the axial angle being 
Tq = 0°—2°. 

The remaining femic constituents are: diopsidic pyroxene, serpentine, 
lorite, carbonate, titaniferous ores and apatite. Olivine is wanting. 
1e pyroxene is largely changed into amphibole and serpentine. The 
ain part of the greenish serpentine, which constitutes 1/,—1/, of the 
ck, occupies the interstices between the felspars and is occasionally 


ob Ya do rife 
Pyroxene, Amphibole, Biotite 
_—_—_—— 


Chlorite, Serpentine 


Fig. 4. The succession of the essential minerals of the Gabbro-pegmatite. 


tergrown by a small amount of quartz. It makes up one fifth of the 
ck, being, together with the quartz, the last mineral to solidify. 

A distinct zonal arrangement of the last crystallized minerals is fre- 
ently observed, the serpentine being surrounded in radial order by 
nges of: 1) radial, fan-like, chlorite, crystallized in the direction of 
e serpentine, 2) calcite and 3) prehnite. Within the latter is occa- 
mally scattered radially grown epidote. 


he porphyritic noritic gabbro. 


This rock consists of sparse, plagioclase phenocrysts, sometimes several 
ntimetres big, within a fine-grained groundmass of plagioclase, pyrox- 
es, ores and apatite. The mode is given together with analysis No.V, 
d the sequence of crystallization by Fig. 5. The texture is granular, 
t a distinctly stratified arrangement of the felspar components of 
2 groundmass parallel to the walls of the dikes is noticeable. While 
‘tions parallel to the walls are xenomorphic-granular, those perpendic- 
ir to the contacts of the dikes exhibit a parallel flow-texture. 
f Pl. VII and VIII, Fig. 1.) The texture is, consequently, 
ilar to the one described by the present author from certain 
nian diabases, a texture which was suggested as originating by 
sional stresses prevailing during the intrusion and freezing of the 
e-magma. (Cf. 8. p. 49.) 

interesting feature brought out by Analysis V is the high water- 
centage of the central parts of the dikes, which almost equals that 
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of the gabbro-pegmatites and exceeds by far that of the gabbro and t 
anorthosite. One would, consequently, expect to find in this case, 
a pronounced sericitization of the Or-molecules included in the cal 
felspars and present in the norm, especially as only a very minute amo 
of free orthoclase is observable in the thin-sections of the rock, wh 
it occurs only as small inclusions within the plagioclase-phenocrys 
There is, however, no such auto-metamorphic sericite present. 


Labrodorite 
phenocrysts 


Pyroxene 
Labradorite 


(Chlorite) Serpentine, Ores 


Fig. 5. The succession of the essential minerals of the porphyritic noritic gabbro, 


The plagioclase is normally quite unaltered and transparent 
The big phenocrysts have crystallized early, being preceded only by 
the apatite. Small inclusions of ferro-magnesian composition in th 
central H,O-rich parts of the dikes seem to have been »drops» of th 
liquid caught in the plagioclase-structure rather than previously ¢ 
tallized phases. The composition of the phenocrysts averages Ab,; 
The plagioclase of the groundmass, on the other hand, has solidifier 
simultaneously with, or slightly earlier than, the ferro-magnesian com 
ponents. It contains numerous inclusions of apatite, pyroxenes, oli 
vine and ores. The composition varies somewhat, but averages Ab,.Ans 
The average of the total amount of plagioclase, phenocrysts included 
has been calculated to be Ab,,An;3 which is in complete agreement wit 
the norm. While the phenocrysts are somewhat zonal, the felspar o 
the groundmass is generally homogeneous. 


; 


The pyroxene-cystals are, as a rule, anhedral. Some seer 
to be badly corroded by surrounding serpentine and chlorite; som 
exhibit »fused» boundaries and some fill interstices. In a few cases 
partial crystal-boundaries are developed enclosed by felspar but 
generally, all primary crystal-boundaries are wanting. Towards th 
margins of the dikes the pyroxenes are generally little altere 
while in the centre of the dikes they are extensively serpentinize 
and chloritized. 


The composition of the pyroxene also changes from the margin 
parts towards the centre of the dikes. While the former almost exclus 
vely contains monoclinic pyroxene, characterized by pseudo-diallagi 


mo 60. H. 2.] ANORTHOSITE AND KENNINGITE. 261 


eavages along (001), the orthorombic predominates in the latter 
se. As the olivine disappears towards the centre, this may indi- 
tte a relative concentration of SiO, towards the last solidified central 
rts of the dikes. On the other hand, the increased hydratization 
the latter case leads to a liquid of serpentine-composition, viz, 
) a decreased (FeO, MgO) : SiO,-ratio which counterbalances the 
entual silica-manco of the pyroxenes and makes the assumption 
' any silicamigration towards the centres of ‘the dikes doubtful. 
etually, no concentration of free silica is observable in the thin- 
ides.” 

The optical values of the two pyroxenes were found to be: 


Orthorhombic Monoclinic 
(y—a)y, = 0.010 0.034 
(y—B)xa = 0.002 0.028 
(B—a)x, = 0.008 0.006 

24. 52° 49° 
y/Cx. = — 40° 


Olivine isa fairly common component within the marginal parts 
‘the dikes, but decreases towards the centre. It is the first of the ferro- 
agnesian silicates to have crystallized, being often surrounded by 
yroxene, as well as generally corroded by the latter. 2Vy, = 56° 
id (y—a)y, = 0.042 indicate a fayalitic composition. 

The ores are ilmenite and titano-magnetite. They occur as rounded 
‘ains, partly included in other minerals but mostly collected within 
e interstices last crystallized. They seem to have crystallized together 
ith the hydrated ferro-magnesian rest-solutions. 

Some interesting conclusions may be drawn from the sequence of 
ystallization. The homogeneity of the felspar of the groundmass as 
yposed to the zoning of that of the gabbro, indicates in the former case 
| equalization of the stability by migrations of molecules during the 
paration of the solid felspar-phase. As the cooling of the dike-magma 
ust have occurred much more rapidly than that of the gabbro-magma, 
is infers a very low viscosity of the former. The bulk of the felspars 
ust, consequently, have separated before the ferro-magnesian minerals 
ystallized. On the other hand, inclusions of pyroxene within the 
arginal parts of occasional felspars show that the separation of the 
y FeO,MgO-silicates began before all the felspar was precipitated. 
s already emphasized, there is no hydratization of the felspar, but there 
always some unaltered, mainly orthorhombic, pyroxene left, even in 
e most H,O-rich parts of the dikes. 
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This suggests a stability at comparatively low temperature, togethe 
with high internal pressure, whereby the water was bound to the ferro 
magnesian silicates alone. At a given moment the freezing magma con 
sisted in the most »hydrated» part of the dikes practically of two compo: 
nents only: solid plagioclase in equilibrium with a FeO,MgO,H,0- 
silicate liquid, containing 'eO,TiO, (maybe Fe,0,, too) in excess of the 
SiO,-ratio. Probably this latter ore-phase occurred as occluded »drops) 
of liquid mineral. Out of this liquid separated accumulated »ore-dropsi 
and crystallized orthorhombic pyroxene and hydrous ferro-magnesian 
silicates. 

Towards the margins of the dikes the decreasing H,O-content means 
a gradually lower internal pressure and a less amount of hydrated rest- 
magma. This must have led to the crystallization of an increasing 
amount of olivine and monoclinic pyroxene during an earlier stage 
the felspar- crystallization, and the equilibrium-system turns coral 
the margins into a polynary one (felspar—olivine—diopsidic augite 
hypersthene—hydrous ferromagnesian liquid). : 

It would carry me too far to enter now upon a discussion of the mo 
of late-differentiation of the porphyritic gabbro as compared with t 
of the-normal gabbro and other basic consanguineous rocks (such as 
the ophitic diabase), as well as upon the appertaining temperature 
and pressure equilibriums. The observations now made are reserved 
for future consideration, when mora data may be available. } 


The differentiation of the gabbro. 
The separation -of the anorthosite. 

Having petrographically examined the various differentiates of the 
gabbro,we can now turn to the petrological side of the problem. Several 
important conclusions may be drawn from the analyses and the micro- 
texture which will be found to strongly support the sequence of develop: 
ment suggested by the field-evidence. 

A study of the analyses of the gabbro and the anorthosite shows an 
almost identical water-percentage in the two, while the gabbro-pegma- 
tite and the noritic gabbro contain considerably more H,O. The actual, 
present percentages of the rocks may not, of, course, be their original 
ones at the time of freezing, but their chemical ratios may, a 
be taken as true representatives of their primary ratios. 

This means that the anorthosite separated at a point when the 
melt still remained in its original magmatic stage, and before the precip- 
itation of solid phases had led to an appreciable concentration ¢ 
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rolatiles and a corresponding increase of the original internal pressure. 
fhe primary reason of the crystallization of the plagioclase must be 
ought for in the fall of temperature following upon the intrusion 
it high level, which decrease, naturally, may be expected to have been 
yronounced towards the cold archeaan roof of the intrusion chamber. 

The apparently conclusive and unrefutable field evidence of a plagio- 
lase concentration by gravitative rising through the cooling part of 
he magma seems at first puzzling, as one would expect an increase of 
iscosity within this portion of the gabbro. On the other hand, the heat- 
ransport towards the coldest wall of the intrusion chamber must have 
et up convection currents, thereby overcoming the increased internal 
riction and co-operating with the gravitational forces. 

As Brsxow (3. p. 258) has shown diagramatically, plagioclases of 
abradoritic composition will generally be less dense than the gabbroid 
nagma and will, consequently, rise. If we enter the data of the Nordin- 
ra gabbro and the anorthosite-plagioclase into his diagram there will, 
oo, be indicated a rising tendency of the latter. 

If we calculate the composition of the Fe,Mg-silicate matrix of the 
northosite, eliminating the Fe and Ti entering as ore-components, 
he FeO:MgO-ratio is found to be about the same as the corresponding 
me of the original gabbro. This goes to show that the separation of 
he plagioclase has occurred within an otherwise undifferentiated 
primary» magma which, in the anorthoclase, has been reduced quantita- 
ively to a small amount, due to the increased space occupied by the 
ecumulated plagioclase. The latter, consequently, seems to have been 
n equilibrium with the ferro-magnesian silicates of the gabbro, both 
uring the separation and the accumulation. The comparatively low 
1,0-percentage of the basic liquid has also remained constant in both 
ases, —the lower bulk-value of the most extreme anorthoclase being 
eferable to the less quantity of liquid accomodated between the felspar- 
rystals. 

Roughly, one may say that a comparatively dry binary »plagioclase- 
'e,Mg-silicatey system has been stable at a slowly sinking tempera- 
ure and fairly low constant internal and external pressure. The quan- 
itatively large amount of gravitatively separated homogeneous plagio- 
lase indicates a separation of long duration which suggests a high initial 
emperature of the gabbro-intrusive. This agrees with the general super- 
eated condition of the basic Jotnian magmas, as previously deduced 
y the present author from the field evidence of the Hamra region. 

Another evidence of the precipitation of plagioclase from an other- 
‘ise almost »indifferent» basic melt is given by the orthoclase molecular 
ercentage remaining the same in the anorthosite as in the gabbro. The 
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Or-molecules combined with the AbAn-molecules into felspar corres 
pond to the average composition of the gabbro-liquid. Consequently 
one may say that the potassic alumina silicate, too, did not have any im 
fluence on the anorthositic differentiation as such, but remained chemie- 
ally indifferent. The separation of plagioclase from the gabbro previous- 
ly to any other differentiation of the latter is thereby further con- 
firmed. 
By the separation of the plagioclase only Al,O,, CaO and Na,O were 
removed from the gabbro, while the percentage of ferro-magnesia 
silicates must have been correspondingly increased although re- 
maining chemically unchanged. If we consider th 
Anorthosite total amount of FeO,TiO, as well as P,O;, however, 
a real differentiation is noticeable, the moleculai 
percentages of ores and apatite being lower in the 
|i basic ferromagnesian rest-solution of the anorthosite 
Oo 


La) 
oa 
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om 
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than in that of the gabbro. In their case, a down. 
ward gravitative separation must have taken place 
Fig. 6. simultaneously with the rising separation of the 
plagioclases. The matrix of the plagioclase-mesh of 
the anorthosite may, consequently, be said to represent the primary 
ferro-magnesian silicate part of the gabbro, while some part of the 
ore- and apatite components has been removed by gravity. The 
gravitative differentiation of anorthosite may, consequently, be 
schematically represented by Fig. 6. : 
From this we may draw the interesting conclusion that the density 
of the gabbro-magma during the separation of the anorthosite fraction 
must have been of a value between the densities of the felspars and the 
apatite, viz, between 2.6—2.7 and 3.1—3.2. This compares 
favourably wirh Grout’s estimate that, at 1200 C°, haves gabbro has a 
density of 2.74 and solid Ab,An, a density of 2.61. Some correctio 
have to be considered, it is true, when comparing the density of the fluid 
magma and the separated crystals, viz, the transformation from an 
amorphous into a crystalline state, the reaction heat and the pressure. 
They may shghtly change the numerical values of the densities mentioned 
above but will not materially affect their ratios. 
The directionally opposed differentiation of plagioclase and apatite 
furnishes the base, too, of an estimate of the temperature at which 
separation took place. The melting-interval of the plagioclase in ques 
tion, Ang, lies between 1 480 and 1360 C°. The melting temperatures of 
the apatite have been determined by various investigators to lie be- 
tween 1221 and 1550 C°. DoELrEr found an apatite to be completely mol- 
ten at 1300 C°. The different values seem to depend upon varying com 
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sitions of the mineral itself. In order to test the present case, some 
atite was isolated and heated in nitrogen-atmosphere in an electric 
en. Hven at prolonged heating at 1 400 C° (the maximum capacity of 
e oven) it remained solid. Consequently, the apatite of the gabbro 
agma may be assumed to have crystallized at a temperature equal to, 
slightly above, that of the plagioclase. Actually, the micro-texture 
the anorthosite shows the small percentage of idiomorphic apatite 
occur within the plagioclase crystals as well as trapped in the inter- 
ices between them. 
Neglecting the influence of the external pressure which, on account 
the high level of intrusion, could not have been excessive, the tempera- 
re of the gabbro magma at the time of the anorthositic differentiation 
ay, therefore, be assumed to have been something like 1 400 C°, if 
2 regard the gabbro as a dry melt. On the other hand, the presence of 
.O, even if the percentage is small, must of course, have lowered the 
eezing temperatures of the minerals below those obtained in dry melts, 
1d the gabbro liquid may, consequently, have been of a correspond- 
gly lower initial temperature. The constant water-percentage in the 
lorthosite and the gabbro, however, suggests a comparatively small 
fluence which may, in part or wholly, have been counterbalanced by 
e external pressure. A reasonable estimate of the temperature of the 
ibbro at the time when the plagioclase-separation began seems to lie 
mewhere between 1 300 and 1 400 C°. 


he continued differentiation of the Gabbro. 


The gravitative separation of plagioclase could hardly have been 
scontinued by any other agent than the change of viscosity of the 
ibbro-melt caused by the fall of temperature in conjunction with the 
adjustment of equilibrium to a melting temperature corresponding to 
e external pressure exercised on the intrusion-chamber. In other 
ords: 
The original gabbro was transported from a region of high pressure 
d high temperature, at which no plagioclase could crystallize, to a 
gher level of lower pressure and almost equal temperature. The 
ering of the pressure could not have led to a separation of the plagio- 
se, —it must have deferred the crystallization until the temperature 
d sunk to a point well below the initial one. Starting from this point 
e plagioclase separated while the temperature decreased further until, 
a certain value, the gravitative separation stopped, viz, the density 
d viscosity of the parent magma suddenly changed, eliminating the 
ing tendency of the felspar. 


18—380060. G. F. F. 1938, 
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This may roughly be explained if we regard the polynary magma as 
a binary system »plagioclase-H,O»,! leaving out the quantitatively smal 
amounts of gravitatively separated apatite and ores, and considerin 
the FeO, MgO-silicate liquid as indifferent. This latter approximatior 
seems justified by the previous conclusions, based on the analyses. 
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= 4:2: GAS+LIQUID.:: 4 | 
c = © a ee Oe aie Fea oder see lA 
= a C6 rset hey 
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t3 gp egg pug lg t3 
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= = 
=f — 
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+[PI] -f 
=HIOQUID (Fluid) 
PI 
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SS = = t 
[H.0]+(P = STOTT 2 ¥ 
= = ; 
= - , 
H20 <— 100% PI H;0 <=— 100% Pl | 
a. High Pressure b. Lower Pressure 4 
Fig. 7. ; 


In Fig. 7 two diagrams are drawn of the same binary system, represen’ 
ing the equilibrium at high external pressure, a), and at lower externa 
pressure, b), which latter at sinking temperature falls below the interna 
pressure of the melt. Only the non-volatile (plagioclase) side of the dia: 
gram is represented. (Cf. Nicci, Das Magma, p. 190). The first dia 
gram represents the hypothetical case of the crystallization of tht 
gabbro at high pressure, the second one that of the gabbro at lov 
pressure. »C» indicates the actual composition: rich in plagioclase 
poor in water. 


* The plagioclase is, of course, no stable component as evidenced by the decreasin 
An% during the course of separation. (Cf. Anal. IV and III). 
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In the first case, a freezing of the magma would have led to the nor- 
i crystallization-sequence of a condensed system, the separation of 
igioclase beginning at the temperature »t». No sudden break in the 
aration of the felspars would be expected. In the second case, the 
igioclase would have begun to separate at a lower temperature ty, 
d continued doing so in equilibrium with a correspondingly changing 
It until t, was reached. At that temperature the phase-surface »Steam- 
uid» would intersect the equilibrium-curve of the melt, continued de- 
ase in temperature leading into the »Steam-Pl» field of the dia- 
im. The continous removal by gravity of the plagioclase between t, 
d t, would probably shorten the interval t,—t, somewhat. Below t, the 
gma suffers a sudden decrease in viscosity; the density decreases and 
» rising of the felspars stops. The reasoning would be the same if 
er-critical conditions should have prevailed (cf. diagrams). 
There is, however, another possibility to consider, when explaining 
» separation of felspars. On the intrusion of the gabbro the magma 
s undoubtedly in communication with the parental magma at deep- 
levels. During the period while the intrusive was still at work lift- 
; the overlying earth-crust in order to provide space for the lacco- 
hic intrusion-chamber, the internal pressure must have been consider- 
ly higher than at a later date when the internal and external pressures 
lanced, which date may have been contemporaneous with the freez- 
; of the feeding channel. 
[he temperature within the laccolith may, consequently, have fallen 
ile the pressure was still fairly high, to a point below the solidus- 
rve of the felspars according to diagram a, and may even have reached 
below t., when the internal pressure relaxed and the further develop- 
nt followed diagram b). A sudden breaking off of the separation of 
orthosite would have occurred in this case, too. Which of the two 
slanations should be given preference is difficult to say, but the latter 
ers certain advantages when discussing the differentiation of the 
bro-pegmatites. 

he intense zonal structure of the felspars of the gabbro itself suggests 
as already stressed above — a rapidly falling temperature, leaving 
y a short time for intermolecular adjustments of equilibrium. A 
den removal of pressure at a temperature below t, must have led 
n equally sudden concentration of volatiles towards the region of 
er pressure and temperature, viz, towards the anorthositic roof- 
erentiate, causing an increased viscosity and an increased rate of 
stallization within the gabbro-liquid itself. While the latter was 
idly freezing, a liquid layer of high internal pressure was formed on 
of it. Within this liquid in its turn a secondary differentiation into 
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anorthositic gabbro-pegmatite and noritic gabbro occurred at a tempe: 
ture below the freezing point of the gabbro. 

If, on the other hand, we try to explain the gabbro-pegmatite fre 
diagram b) alone, it will be more difficult to understand the sharp lir 
tation downwards of the pegmatite-zone, as one would expect a mo 
regional readjustment of the equilibrium below the first »boilingpoit 
(Cf Nicer), evidenced by a gradual pegmatitization of the gabb 
upwards. 

Actually, there is nothing to prevent both explanations being vali¢ 
the differentiation having taken place alternatingly at constant aj 
sinking pressure. Both lines of reasoning lead to a sudden breaki 
off of the gravitational separation of plagioclases. While, in the ca 
of a sudden drop in pressure below t,, more anorthosite would have ti 
to separate (t—t, being greater than t—t,), the separation at a cons 
medium pressure, on the other hand, would lead to less differentiat 
felspar-compositions. 

There exists, however, a Cae possibility. The gravitative remoy, 
of the plagioclase from the equilibrium system is synonymous with 
gradual change of composition, the original »C»-composition of fh 
diagrams, Fig. 7, moving towards the volatile side. New equilibriun 
are continuously formed independently of the temperature. This mus 
lead to the composition following — at falling temperature — a 
oblique curve which may bring it already at a temperature above 
into the »melt(fluid)» field of diagram Fig. 7a) or into the »gas-liqu 
field of diagram Fig. 7b). (Cf. arrowed C’-curves of the diagrams). 
consequence should in this case, too, be a sudden change of dens 
and a breaking off of the gravitatively rising plagioclase separati¢ 


The differentiation of the Gabbro-pegmatite 


As far as the plagioclase is concerned, the course of differentiatit 
of the gabbro-pegmatites is similar to that of the anorthosites. TI 
felspars were the first to crystallize within the hydrous liquid unde 
neath the anorthosite. In the pegmatitic fraction of the last solidif 
»wet> magma, the orthoclase-component was concentrated not only 
a component of the plagioclase but as free orthoclase as well. In cot 
parison with the gabbro, the Ca0:Al,0,° molecular ratio remai 
unchanged, whereas the An-percentage of the pegmatite is grea 
than that of the gabbro (An;,, resp. An,3). This may be due eith 
to a greater percentage of Na,O than the average Na,O-content of 
gabbro having been consumed by the differentiation of the anorthosi 
or to a different stage of equilibrium. 
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Of special interest is the concentration of MgO silicates in the salic 
egmatitic rest-differentiate. At the end of the precipitation of the 
lagioclases the remaining interstitial liquor must have remained fluid 
uring a certain interval of time. This liquid apparently consisted of 
ydrous MgO,FeO-silicates, some orthoclase, quartz and ores. Abstract- 
ig the ore-components the MgO : FeO ratio of the rest-liquor is found 
> be about 10:1. The author wishes to draw special attention to this 
ydrous MgO-silicate liquid which, if squeezed out 


f the plagioclase-mesh, — say, by orogenic move- — Gabbro-Pegmatite 
rents —, would meet the specification of those 
ypothetically existing but »de facto» fairly unknown EAE 

D 4 ~ 

a I 


tutions to which have been attributed the regional 
lagnesia-metasomatism of archaean rocks. re tetas 


A micro-intrusion of the magnesia-solution into é 3 

leavages of the plagioclase-crystals is noticeable = 

1 the gabbro-pegmatites and may also be observed oe 
ig. 8. 


1 the case of the protoclastically deformed crystals 
f the anorthosite. 

The differentiation of the pegmatite is schematically illustrated by 
ig. 8. 


he differentiation of the porphyritic Noritic 
Gabbro. 


The crystallization of the norite, too, has started by the separation 
f large phenocrysts of plagioclase of the same composition as the average 
ne of the plagioclase of the gabbro, viz, An;3, but in this case only a 
2w crystals have been formed before the general freezing of the magma 
ommenced. There is no concentration of the phenocrysts towards the 
s0f of the dikes. The norite contains the bulk of the gravitatively 
sttled ores and apatite, both from the anorthosite differentiation and 
om the secondary pegmatitic separation. The ores seem to have been 
ontained as fluid drops in the magma right up to the final consolida- 
on. 

Excluding these ore-components, the MgO: FeO ratio of the silicates 
found to be about 1: 2, — a complete reversal of the corresponding 
itio of the salic pegmatitic differentiate. Compared with the latter, 
he molecular percentages of the norite have decreased in 8i0,,A1,0,, 
[cO,K,0 and slightly in Na,O, while an increase has occurred in FeO, 
i0., P,O; and CaO. Compared with the original gabbro the gains and 
ses are qualitatively similar although quantitatively smaller in all 
ases except Al,O,; and CaO. The molecular ratio Al,O,:CaO as well as 
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the molecular percentage of these two components remain unchangeé 
however. 

This suggests another explanation of the sequence of differentiation 
—namely, the norite’s being simply a part of the original gabbro enricheg 
by the gravitatively settled femic by-products of the two previou 
differentiations of anorthosite and pegmatite. The splitting up of 
hydrous rest-magma on top of the gabbro into a salic and a femie pe 
would then not have occurred. Calculating the respective losses ang 
gains of the rocks involved one comes to the conclusion that both proe 
esses may have operated, the norite being not only the femic counte 
part of the salic pegmatite but also a femically enriched part of th 
gabbro. On the other hand, the evidence of the late-differentiates ol 
the main gabbro, the sodaclase-pegmatites’ cutting the gabbro-pegma 
tites, while no case of the former’s intersecting the norite has so far bee 
observed, indicates a freezing of the main gabbro before the separation 
of the noritic fraction. It supports the conception of a secondary 
splitting up of a hydrous part of the gabbro-magma into gabbro-pegma- 
tite and norite. This is better understood when emphasizing the field 
evidence showing that the norite must have still been fluid when th 
pegmatite already was frozen. Additional support is thereby also giver 
to the alternative combination of diagrams a) and b) (Cf. Fig. 7 
p- 266). 

The reaching of lower freezing temperatures in the case of the basi¢ 
rest-solution as compared with that of the acid may seem puzzling and 
contrary to the general rule. Actually, the »pegmatitic» habit in the 
latter case does not involve any very high percentage of silica but merely 
indicates the coarse crystallization of a high-temperature mineral (labra 
dorite) within a hydrous rest-solution of low viscosity. The reversed 
ratios in the two hydrated magmas (sal:fem = 1.42 in the pegmatite, 
fem:sal = 1.42 in the norite) must, in combination with the also reversed 
FeO:MgO ratios, be responsible for the lower freezing-interval of the 
basic rock. 

In.a dry melt, the eutectic freezing-point of the MgO—Si0, system 
lies at about 1550 C°, the corresponding value of FeO—Si0, being about 
1180 C°. When TiO, enters as an important component of sodic rocks, 
such as norites and dolerites, the ternary or polynary eutectic point may 
be expected to fall even lower, as is suggested. by the melting point of 
Ramsayite (Na,Ti,Si,0,) being only 624 C°. Even if experimental data 
are lacking, one may be justified in assuming that the lower melting point 
of the dry FeO,Ti0,—Si0, system as compared with that of the MgO 
Si0, system persists in the corresponding wet systems. Reasoning im 
terms of dry minerals we. may say that the hedenbergitic-fayalitic com 
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osition of the femic minerals of the norite suggests a lower 
eltingpoint than does the enstatitic-forsteritic of the pegmatite. 
he less calcie plagioclase also suggests a correspondingly lower 
eezing point of the norite. 

From a physical point of view, therefore, there is 
othing to prevent the noritic restdifferentiate having 
mained fluid in accordance with the field evidence, 
t a temperature when the pegmatitic rest-differentiate 
ad ultimately frozen. 

The differentiation of the noritic gabbro is sche- 
iatically illustrated by Fig. 9. 


he differentiation of the Sodaclase-pegma- 
tites. 


The late rest-magmas of the gabbro itself follow two distinct lines of 
ifferentiation, one aplitic, increasingly acid, accompanied by decreas- 
ig lime, and one pegmatitic, less acid, accompanied by enormously 
1creased lime-content. In both cases, the orthoclase-sodaclase ratio 
emains stable at about unity, although in the latter case the total 
mount of alkalies decreases as the lime-component increases. While 
he biotite-content of the acid differentiate suggests a comparatively 
igh temperature, the prehnite and accessory chlorite of the basic differ- 
ntiate indicate an almost hydrothermal congealing temperature 
helsinkite-phase). The former differentiate has a granitic tendency, 
ading chemically to an Or:Ab:An-ratio of rapakivic composition, the 
itter duplicates the lime-concentration of the anorthositic separation, 
vading chemically to a hydrated anorthositic composition. 

The analyses, modes and descriptions of both rocks are given in the 
uthor’s contemporaneous paper on the sodic differentiates of basic 
jagmas (7). The discussion will here be confined to the basic sodaclase- 
egmatite, which the author previously left undecided whether it is 
erives from the gabbro or secondarily from the anorthosite. The 
ltgGui-values of the sodaclase-pegmatite indicate, so to say, an en- 
anced anorthositic differentiation, »c» attaining considerably higher 
nd »fm» considerably lower values than the anorthosite proper. Even 
‘the differentiation is not bound strictly to the »siy-axis of the anortho- 
ite, the resulting »siy-value is not far removed (si = 166) and the 
eneral character of the differentiation may be termed »verticaly. This 
ould indicate fractional separation as the mainly responsible agent 
f differentiation, supplemented by secondary adjustments within the 
sparated fraction. 
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Mineralogically there is, of course, no question of an anorthositi 
differentiate, the components being roughly 50 % prehnite, 24 % ortho 
clase, 20 % albite, 6 °/, quartz and 1 % chlorite. 

Recalculating the composition into a »dry» magma the prehnite an 
albite could be combined as labradorite, Ab,,An,, and wollastonite, ¢ 
as oligoclase and grossularite. Neither of these two combinatior 
suggests the hydrated differentiate’s being the descendant of a prima 
anorthositic fraction. The Ang.-composition may, at first glance, see 
fascinating, but a study of the anorthosite-analyses will show the prae 
tical absence of any lime-silicate outside the felspar and, consequently 
also the improbability of any appreciable concentration of wollastonit 
originating by continued fractional crystallization. : 

One may try to explain the comparative enrichment in lime-silicat 
and silica by the breaking down under hydrothermal conditions 
pigeonitic pyroxene into CaSiO,, (FeO, Fe,0,, TiO,) and Si0,, followe 
by a gravitative settling of the ore-components. As, however, t 
sodaclase-pegmatite contains not less than 15 °% of the wollastonite 
component, this would infer the presence of an almost equal amoun 
of femic metasilicates in the anorthosite, which would turn th 
rock into some kind of gabbro. Besides, the texture of the pegmatite 
shows no evidence either of the alteration of a primary pyroxene or & 
a plagioclase. 

There is, consequently, no way of explaining the sodaclase-pegmatite 
as a differentiate of the anorthosite. It remains to consider the gabbro 
or the gabbro-pegmatite as possible mother-magmas. In both cases the 
differentiation into »helsinkitic» pegmatite must have involved the al- 
most total removal of all femic constituents. As, however, the gabbro- 
pegmatite when compared with the gabbro shows a molecular increas 
of MgO, while the sodaclase-pegmatite contains only an insignifican 
percentage of MgO, the direct differentiation of the latter pegmatite 
from the gabbro is suggested. As a confirmation there may also be taker 
the molecular FeO:MgO-ratios of the gabbro and the sodaclase-pegma 
being 2:1 and 3:1 respectively, whereas in the case of the gabbro 
pegmatite the ratio is reversed, FeO:MgO = 1: 2. 

The actual field evidence also favours the view of the sodaclase- 
pegmatites’ originating from the gabbro independently of the gabbre 
pegmatites. As already pointed out, their ultimate freezing succeeded 
that of the gabbro-pegmatites, but probably preceded that of the por 
phyritic norite. It remains to explain the mode of separation of the 
sodic but at the same time extremely calcic pegmatitic liquid. 

Field evidence shows that the pegmatite occupies contraction- oF 
tensional fissures opened up at a time, when the gabbro-mass was al- 
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?ig. 1. Orthorhombic pyroxene crystal (light gray) partly altered into la- 
nellar intergrowth of monoclinic and orthorhombic pyroxene (dark grey). 
Nordingra gabbro. Ordinary light. Magnif. x 40. 


Fig. 2. Nordingra anorthosite. Labradorite crystals around an inter- 


as 


stice filled by prehnite (light coloured) and serpentine (gray rounded 
grains). Nic. +. Magnif. x 8. 


Pr. Vil, GEOL. FOREN. FORHANDL. Bd 60. 


Marginal part of porphyritic noritic gabbro-dike. A labradorite pheno- 
cryst occupies the top part of the picture. Nic. +. Magnif. x 40. 
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s. 1. Central part of porphyritic noritic gabbro-dike. The ore appears 
ck, the orthorhombic pyroxene dark grey, the serpentine light gray and 
the labradorite white. Ord. light. Magnif. x 


Kenningite. Nic. +. Magnif. x 10. 
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Fig. 2. Corroded labradorite phenocrysts in kenningite. Serpentinized 


olivine crystals appear gray. Ord. light. Magnif. x 40. } 
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idy mainly congealed although not cold. (Evidence: lack of chilled 
irgins.) The forming of the fissure-cavities may, consequently, have 
curred simultaneously with the temperature of the gabbro dropping 
rough the pegmatitic-pneumatolytic range. The lowering of the 
essure at constant temperature within the gabbro surrounding the 
sures must have led to an evaporation of saturated solutions of non- 
latile components and volatiles, as well as a re-precipitation of the 
id phases in the opened cavities or tension-zones. Whether the 
ing of the fissures was originally »steam + liquid» or a »fluid» 
pends upon the critical temperature of the volatiles, viz, mainly 
e water. 

The peri-magmatic liquid occupying the fissures must partly, at least, 
oresent previously precipitated phases redissolved on the lowering of 
ternal pressure. The ternary graphic intergrowth: »orthoclase-albite- 
artz) characterizing the fabric of the sodaclase-pegmatite suggests 
redissolving determined by the melting point of a ternary eutectic, 
soAbyoQus 9. The forming of such a liquid must involve the decom- 
sition of plagioclases, liberating CaO.Al,0;.2 SiO,. Hydration alone, 
wever, could not have transformed anorthite into prehnite, the domi- 
nt mineral of the pegmatite, without an addition of lime-silicate. 
microstudy of the gabbro surrounding the pegmatite reveals a uni- 
rsal transformation of hornblende (secondary after pyroxene) into 
imerite towards the last solidified interstices of the fabric. As this. 
nsformation is equal to a removal of lime-silicate from the hornblen- 
it furnishes a reasonable explanation of the origin of the supply needed 
the formation of the prehnite, which latter is, in this case, a primary 
nstituent of the rock. 

The prehnite is scattered as spherulitic crystal-aggregates evenly 
roughout the sodaclase-pegmatite. It almost constitutes pheno- 
sts within the graphic groundmass, and seems to have crystallized 
qultaneously with, or slightly earlier than, the freezing of the 
fectic. A calculation based on the analyses shows that all H,O 
sent is bound to the prehnite, which explains the 

sence of any sericitization of the orthoclase, at the — sodaclase- 

ne time excluding any exogeneously metamorphic Fara 


gin of the prehnite. The amount of water »distilledy = olol ole 
o the dike-fissures was determined by the P-T- =<] 2d]z]2 
ilibrium of the phases involved and could nothave — Gabbro | 
n derived from any perambulating hot solutions. oT |. 
temperature at which the formation of the peg- ] [ 
tite took place, by concentration of the last inter- a eee 
g- 


nular liquid and »selectivey redissolving, must have 
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lain distinctly above the hydrothermal range and at a value whe 
the drop in pressure could still »uncover the retrograde boiling poim 

We may also draw the interesting conclusion that more or less »vert 
caly differentiation curves indicate not only gravitative crystal differe} 
tiation but also selective fractional redissolving. 

The sodaclase pegmatite, consequently, is derived directly from thi 
gabbro and not from any intermediary differentiates. The mode 0 
separation is schematically illustrated by Fig. 10. 


Remarks on the banding of basic 
plutonic rocks. 


R. Coats has recently discussed the primary banding of basic plute 
nic rocks (4), suggesting a »rhythmic differential settling» of crystal 
of about equal size but different density. The striking difference it 
crystal size in the present case, however, prevents the application 6 
his theory. On the other hand, some of the suggestions advanced by 
different authors on the banding of the main and critical zones of the 
Bushveld lopolith lend support to the deductions drawn by the pres 
author from the Nordingra evidence. 

According to A. L. Hatu’s memoir (12) and his summary bibl 
graphy, P. A. WaGNerR (1924) favoured a gravitational crystallization 
differentiation of the basic magma in situ, facilitated by mineralizins 
agents reducing the viscosity and lowering the temperature of crysta 
separation. R. A. Daty (1924) advocated »differentiation dominatec 
by gravity». WaGNer and Me.ior (1926) when discussing the hortono 
lite and olivine dunite state: »Here it does look as though there had beer 
liquidation that resulted in a subsilicic differentiate of the noritic magm: 
being split up into non-consolute fractions of which the iron- -tich re: 
mained liquid longer than the magnesia rich». WAGNER (1929) says 
»the differentiated zone owes its origin to a process of stratiform segrega 
tion brought about by intermittent crystallization differentiation 
the intermittency being attributed to periodically recurring checks i 
cooling — — — caused by spasmodic subsidence of the floor of thi 
lopilithy. Wacner also accepts Voar’s hypothesis that yearly forme 
crystals, settling under the influence of gravity, are redissolved in th 
underlying magma fractions which on consolidation crystallize as anchi 
monomineralic rocks». Finally, Hatx himself holds the highly specialize 
basic rocks to be generally based on »differentiation in situ». 

When’ comparing the Bushveld complex with the Nordingra gabbre 
we have to keep in mind that repeated regional banding in the latt 
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se is lacking, even if a stratiform arrangement, gabbro-norite-pegma- 
e-anorthosite, is satisfactorily proved. Comparing the rocks petro- 
aphically and chemically the following scheme is obtained: 


Nordingra. Bushveld. 
Anorthosite, Ang:—7 Anorthosite, An gp~99 
Gabbro-pegmatite Anorthositic norite 
Porphyritic norite, rich in iron Magnetite-plagioclase-norite 
Gabbro (partly noritic) Diallage norite. 


Comparing them stratigraphically, one finds the Nordingra sequence 
correspond roughly to the platinum-chromite horizon and not, as 
e would expect, to the magnetite horizon. 


Nordingra. Bushveld. 
Merensky-plati- Principal mag- 
num reef netite horizon 

1orthosite Spotted anorthosite Syenite 

tbbro-pegmatite Mottled anorthosite- Norite 
norite 

rphyritic norite, Pseudo-porphyritic Magnetite-rock 

ich in iron diallage-norite 

.bbro (noritic) Mottled norite Spotted anorthosite 


Any deep-going discussion of the similarities and differences between 
> more simple 3-phase differentiation of the Nordingra gabbro and 
> very complex one of Bushveld lies outside the scope of this paper. 
e present author merely wishes to point out the possibility of applying 
thin certain linnits the experience gained at Nordingra when dis- 
ssing the sequence of the Merensky reef. 
he interesting felspar-magnetite-rock of the main Bushveld magne- 
zone is more basic than the iron-rich norite of Nordingra, but the 
er seems, however, to present a grading into more felspathic rocks 
ilar to the latter (Cf Hatu’s diagrammatic sketch, 12, p. 345, fig. 35). 
composition of the plagioclase is similar and the mineral has, in 
h cases, beyond doubt crystallized previously to the magnetite. 
ALL conceives the separation of the magnetite bands to have occurred 
ugh the gradual sinking and concentration of still fluid iron ore to a 
1 determined by a given anorthosite-band. He assumed solid 
pars to have risen through the fluid magnetite, thus producing the 
ioclase-magnetite rock above the magnetite proper. Judging from 
Nordingra data, another suggestion may be tentatively offered. 
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The rising plagioclase-crystals may have accumulated and formed 
solid layer at a level within the norite, localized by a delicate balance « 
magma-density and iso-geothermes. The iron-rich fluid was then cor 
centrated on top of this solid layer, the plagioclase of the overlyin 
norite being forced upwards not by any rising tendency but simply 1 
order to provide space for the settling iron-drops. Or the density 
ratio between magma and plagioclase may even have been reverse 
by the removal of the magnetite’s leading to a settling tendency of th 
felspars above the anorthosite band, the lower »settling-limit» bein 
gradually raised by the accumulation of magnetite-liquid at the botton 

Another interesting feature, reminding one of the general trend ¢ 
the Nordingra differentiation, is the increased H,O and K,O percentage 
of the upper norite (Cf 12. Tabl. XLIII, Il). Even if the stratified orde 
of the rocks within the main magnetite zone of Bushveld be reverse 
in comparison with Nordingra, there are, nevertheless, several commo 
interresting features which invite future study. 


The veffusivey Kenningite of Kinningen Islan 
(R6d6 archipelago). 


If the deductions oi this paper are correct, the anorthosite separatio 
took place within a gabbro magma characterized by a considerabl 
superheat and at a pressure which, primarily, was determined by initi: 
internal pressure of the magma and subsequently by the thickness ¢ 
the overlying roof. The present author has recently shown (6), that i 
the case of the rapakivi intrusions following shortly upon that of tk 
gabbro, the former must have occurred within the Nordingra area at 
high level of the archaean migmatites. Farther eastwards they may eve 
have fractured the roof. Even if the intrusion-level of the gabbro mu: 
have been somewhat lower than that of the granite, the pressure exe 
cised by the overlying part of the earth-crust could not have bee 
excessive. 

At the closing stage of the separation of the anorthosites and at tl 
beginning of that of the pegmatites, the internal pressure must hay 
gradually risen considerably in consequence of the concentration of vol: 
tiles underneath the anorthosite. There must have been a short the 
mal interval, during which a sudden decrease in pressure, — even if 
did only embrace a comparatively short range! — might be expected 1 
result in a redissolving of part of the anorthosite which was stable as 
solid phase at higher pressure only. Due to the short range of tl 
pressure no great amount of calcic plagioclase could be expected to redi 


1 Limited upwards by the tensil strength and weight of a comparatively thin »roo 
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solve, and this part must be expected to freeze very quickly again if 
forced into colder surroundings. 

In the case of a deep-seated intrusion one may doubt the possibility 
of a liquifying of already separated anorthosite as, in such a case, the 
high pressure may normally be expected to have delayed crystallization 
to a point at which, even at low pressure, the temperature would lie 
below the melting interval of the differentiate. The only case where 
a molten and necessarily very short-lived extrusion of anorthosite- 
magma might be expected, would be the sudden fracturing of the roof 
overlying a high-level, super-heated, differentiated gabbro-intrusive 
at the very moment of almost completed plagioclase-separation. 

With this possibility in view, but with a very sceptical mind on ac- 
count of the well known fact that no extrusive anorthosites have ever 
been found, the present author made a special survey of all the Jotnian 
dikes fissuring the archaean roof to the south of the Nordingra area in 
the Réd6 archipelago. Some of these dikes were described by P. J. 
Hotmevist (12) as early as 1896, but his investigation, although a very 
important piece of work in those days, was by no means exhaustive. 
From previous studies of this dike-swarm the present author has been 
able to show that it represents a very superficial erosion-section of 
the feeding-channels of flows since removed (8, 9). Some of them are 
even of vitrophyric texture and enclose xenoliths of basic pumice. An 
anorthositic dike found among them would, consequently, by field evi- 
dence alone be a very near approach to a true effusive. 

The hypothesis which led to the starting of this »forlorny dike-hunt 
may in the future be proved to be either right or wrong; it nevertheless 
certainly met with unexpected success. At the small island of Kin- 
ningen, two greenish, partly vesicular porphyritic dikes of about 1—2 
feet in width were sampled, which were provisionally labelled spilitic 
diabase but which, when sliced, were found to represent the very rock 
sought for. Petrograpby is burdened by a tremendous lot of quite un- 
neccessary rock-names, but in this case the discovery is so unique that 
the author nevertheless dares to propose an addition to the nomenclature 
by naming the only effusive (or nearly so) anorthosite so far known, 
Kenningite, in honour of the islet harbouring this treasure. 

One of the dikes was analysed in the private laboratory of the author, 
while, in order to exclude any mistake, Dr N. SaaLpom kindly under- 
took the analysis of the second dike. The two analyses, together with 
the respective modes of the rocks, are given as No:s VI and VIII 
The texture of the rock is intergranular rather than ophitic (Cf Pl. VII, 
Fig. 2), the centre of the dikes being also porphyritic (Cf. Pl. IX, Fig. 1,2). 
The phenocrysts consist of plagioclase of the composition Ans. — 
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Ang. The average composition of the felspar laths of the »groundm 
appears to be about Ab,,Anj3. While the phenocrysts are of about th 
same composition as the plagioclase of the anorthosite, the rest of the 
plagioclase, being less basic, corresponds to that of the gabbro. The 
felspar is not protoclastically affected, though occasionally a bent lat 
may be found. 

Within the felspar-fabric are scattered rounded serpentinized grail 
which undoubtedly represent autometamorphosed olivine, and rounded 
pyroxene-crystals of the same composition and optical values as the 
corresponding mineral of the anorthosite. The interstices are filled by 
a micro-crystalline greenish substance of devitrified glass. At high 
magnification, serpentine and some orthoclase may be distinguished. 
Small »drops» of ilmenite and ores occur, too, within the matrix. The 
nepheline, included in the norm, is not traceable in the actual mineral 

composition. 

Comparing the two kenningite-analyses with that of the anorthosa 
analysis No. III, the close correspondence of the two rocks immediately 
catches the eye. The main difference lies in the high water-percentage 
of the effusive rock. If the Kenningite is recalculated to the same H,0- 
percentage‘as that of the anorthosite, as given below, the agreement 
becomes still more evident. sees absence of P.O;, especially, is highly 
suggestive. 


Anorthosite Kenningite 
Anal. No. Hit No. IV No. VII No. VII 

BIOs pocorn anata Sarees 51.75 51.41 52.27 51.99 
TiO, WS ee ee 0.50 0.27 0.49 0.50 
LAO een een i, eee tr 0.00 0.05 tr 
AL On eis pele Pee center ace 25.93 26.88 23.65 24.64 
FeO, 0) 20 etree tn te 0.80 0.65 0.89 0.90 
BeQ ea ae a ee ot cua as 1.94 3.67 3.18 
MnO chr Seen eer Pe 0.05 0.05 0.05 0.05 
Ma Qs 5 Ga Mewes tee elke Lee LA2 2.53 2.31 
OPO TR a a Se ae | 10.86 11.40 10.20 10.52 
IN aig OL aR etn a cet ae am, 3.24 3.51 4.40 4.22 
KO eae ean. ek 1.42 ile 1.30 1.20 
SACS Ma 1 | ee ee ON 0.62 0.48 0.60 0.60 

100.07 99.83 100.10 100.11 


Consequently, neither the analyses nor the mode leaves any doubt 
of the intimate consanguinity of the two rocks, even if two minoi 
differences may be noted, viz, the somewhat higher Na,O and MgO per 
centages of the effusive. The difference is greater if a comparison bi 
made with the more pure anorthosite of Analysis No. IV, although th 
chemical relationship is still apparent. This may be taken as a confirma 
tion of the previously deduced probability of the re-dissolving having 
mainly affected the last solidified but still extremely hot lower plagio 
clase-layer of the gravitatively accumulated anorthosite, the tempera 
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ure of the older portion, close to the roof of the intrusion chamber, 
ready having dropped below the new melting-point. 

The increased H,O content of the kenningite is, of course, due to the 
inderlying magma’s (gabbro-pegmatite or gabbro) suddenly being sub- 
ected to pressure below the maximum steam-pressure of the saturated 
iquid at the equilibrium-surface: »solid phase—melt—steam (fluid)». 
in other words, the second boiling point was »uncovered». The ensuing 
listillation may reasonably be assumed to be responsible for the above- 
mentioned increased percentages of Na,O and MgO of the kenningite. 

This is also in agreement with the corresponding increase in the 
vase of the gabbro-pegmatite. 


The anorthositic differentiationcompared with 
the normal! one of basic Jotnian magmas, 


The present author has lately made the igneous rocks of the Nordingra 
ind Réd6 areas the subject of a fairly extensive chemical investigation 
n order to fill the gap at present existing in our knowledge of this im- 
jortant Jotnian region. The details of this work will be published in 
1 coming paper on the evolution of the Jotnian magmas. 

In this connection, however, we may borrow a part of the differen- 
jation diagram, expressed in Niggli-values, resulting from these unpub- 
ished analyses which include the present analyses of the gabbro. The 
tuthor wishes to emphasize that, in his opinion, this gabbro is nothing 
gut a normal intermediary member of a continuous differentiation se- 
juence ranging from the acid rapakivi granites to the basic diabases of 
loleritic composition. In this part-diagram, given in Fig. 11, have been 
mtered the curves of the anorthositic differentiation, as well-as those 
f the late sodic differentiates of the gabbro. These latter are taken from 
, contemporaneous paper appearing in a special number of the Journal 
uf Geology (7). For the benefit of those who prefer a weight-percentage 
liagram the analyses of this paper have been compiled in Fig. 13. An 
Jr-Ab-An diagram of the normal composition of the rocks is also given 
n Fig. 12. 

A glance at the first mentioned diagram, Fig. i1, at once makes it 
lear that the anorthositic and the late-sodic differentiation are two pro- 
esses which both deviate from the trend of the normal regional plutonic 
lifferentiation. Actually, they follow three different Ni@ei1 curves, 
he sodic and noritic-pegmatitic presenting those of »standard»-type 
arying with the si-value, while the anorthosite separates independently 
f its si-position in the diagram. One may say that the latter differen- 
lates at constant »si. 
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Fig. 11. Niacxr diagram illustrating the position of the various gabbro differentiates 
relation to the normal sequence of the basic Jotnian magmas. 


Fig. 12. Normal Or-Ab-An diagram of the gabbro differentiates. 
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This »vertical» differentia- 
jon may be characteristic 
f the sudden removal of 
ne or several phases of 
pecial composition from 
n equilibrium-system, thus 
reating new binary or poly- 
ary systems. The removal 
1 the present case is caused 
y a vertically directed 
ravitational force, but theo- 
etically the result would 
e the same if the plagio- 
lases were pushed out side- 
rays, or if the still-fluid 
hase was squeezed out of 
he erystal-mush by lateral 
ressure. 

Variation diagrams intel- 
gently interpreted and 
ased on analyses from well 
hosen representative aver- 
ge samples may, conse- 
uently, furnish important 
nformation on the history 
f the evolution of the rocks 
ven in those cases when the 
malytic statistical values 
annot be connected into 
mooth curves. I drew at- 
ention 10 years ago to a 
imilar type of differentia- 
ion in the case of the 
eri-magmatic derivates of 
he alkaline Aln6é-rocks (10. 
1. 56), calling the si-value 
om which different differ- 

tiation-sequences branched 

f, »the differentiation- 

ntre». Differentiation- 


equate term. 
| 19—386060. G.F.F. 1938. 
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< Fig. 13. Variation diagram of the gabbro differen- 
is may perhaps be a more  tiates. The numbers of the analyses are the same 


as in Fig. 11. 
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In the case of the Nordingré anorthosites such an axis is very 
in evidence, too, at si = 140. It is located within a very narrow si-ra 
which, of course, need not necessarily be expected to correspond to t 
si-axis of anorthositic differentiation of basic rocks belonging to diffe 
ent magma-provinces. Composition, temperature and pressure of #1 
respective magmas may shift the si-value of the axis, but I sugge 
that in each different case it will be found to be practically sta 
A necessary presumption is, of course, a differentiation under orogenet 
cally undisturbed conditions. Recalculating, for instance, the analys 
of Bushveld published by Hatt, a similar differentiation-axis is four 
to lie at about si = 120. N 

I take the liberty of emphasizing the existence of this vertical diffe 
entiation-axis, as petrographers often seem inclined to scrap de 
tures from level »smooth» curves as unreliable, or they explain them ; 
being due to exogenetic influences, to the addition of material fro 
generally unknown sources, hybridization, etc., without testing tl 
possibility of a disturbed equilibrium caused by the removal of gravit 
tively separated components. As an example, reference may be made 
Kroxkstr6m’s statement (Bull. Geol. Inst. Upsala No. XXVI, p. 27] 
that a ymarkedly aberrant analysis suggests that the rock in questi 
does not belong to the main suite», which clearly illustrates the dang 
of trying to »break the spell of the differentiation curves» without 
sufficient knowledge of the subject. 


General consideration of the anorthosite 
problem. 


The view that the anorthosite has been formed by the gravitati 
accumulation of early rising crystals has been confirmed. It has be 
shown that the generally denied redissolving of accumulated plagi 
clase crystals must in part be assumed to have occurred at Nording 
although the general survey of rocks so far has revealed »no suppe 
for the concept» that there are liquid magmas of the approximate coi 
position of basic plagioclase (BowEN). The excessively rare dikes 
anorthosite found elsewhere are explained by unbelievers as form 
from a nearly crystalline mass containing a very moderate amount 
nonfelspathic liquor. The universally protoclastic structure of the am 
thosites has been repeatedly stressed by different petrologists as bei 
the most important indication of the manner and conditions of th 

+ KroxstR6m’s peculiar views on the subject of magmatic differentiation expres 


in the said paper, will be dealt with more fully in the present author’s coming paper 
the Jotnian magmas. 
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mise-en-place, the dikes, consequently, being supposed to be orogene- 
‘ically forced into the fissures of the surrounding rocks. Voat’s assump- 
tion of a very deep-seated accumulation of plagioclases in order to ac- 
count for the high redissolving temperature (2 000 C°), and for the rapid 
freezing of the magma on its way towards higher cooler levels was 
sountered by BowEn’s pointing out the forming of rocks of this charac- 
fer in the Hebrides below a moderate covering of surface lava. 

Even if neither Bowen’s nor Vo@’s conception of sinking accumula- 
tion has been confirmed in the present case, this must not be taken as 
any definite proof of the general non-validity of their views, as the rela- 
tions of density must be very delicate, and may be reversed in other 
cases. Their dependency on volatile components and external pressure 
has previously been generally overlooked. As to redissolving, however, 
R6d6 has furnished evidence supporting the possibility advocated by 
Voer although realized under far different conditions. It may even be 
said to be an exception confirming the general rule, supported by 
Bowen, that a liquifaction of accumulated plagioclase crystals is con- 
trary to expectation. It may also be said to prove that Voat’s view of 
a deep-seated remelting is erroneous. 

Only under very exceptional conditions could an effusive anorthosi- 
tic magma be expected to realize. The necessary premises would be an 
intrusion of superheated gabbroid magma into a space situated at shallow 
depth below the surface of the crust, the superheat being derived from 
a rapid rise of the magma from great depths. Even then an anorthositic 
liquid could only come into existence if a fissuring of the roof occurred 
during the very limited time-interval when the temperature of the separ- 
ated plagioclases was still above their solidus-surface in the system: 
ymuch plagioclase — moderate or small amount of FeO,MgO,Si0.,H,O». 
Only the last separated portion of plagioclases could be expected to 
fulfil the conditions and only a moderate amount of liquid anorthosite 
would result. The more basic the felspars, the less would the chance of 
refusion be, too. 

Even if the internal pressure due to the increased H,O could quickly 
force this liquid upwards, the loss of volatiles on reaching the surface 
would rapidly lead to freezing. Any extensive lava-flows therefore 

ould not be expected to have occurred, neither would one expect any 

be preserved at Réd6 after 600 million years of erosion and re-sed1- 
entation although the field evidence and the micro-texture of the 
resent dikes infer a very shallow depth, constituting the nearest 
pproach to an effusive which will probably ever be found. 

The main point to be kept in view, however, is the complete absence 

f any protoclastic textures in the kenningite. A few of the sparse 
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plagioclase phenocrysts of the kenningite-dikes may have been ca 
upwards from the anorthosite-fraction without complete re-dissol 
as indicated by occasional corrosion-structures (Cf. Pl. IX, Fig. : 
but the main part of the plagioclase undoubtedly crystallized with 
the dikes themselves from a complete solution. Any explanation basee 
on a crystal porridge being forced into the dike-fissures by an i 
creased gas-tension below succeeding the fissuring, is completely ou 
of question. : 
The new light shed on the anorthosite problem by the discove: 
of the kenningite, consequently, explains why effusive or somi-effuail 
rocks of anorthositic composition have never previously been found 
Nor does it hold out any great hope of new findings of such roe 
but it may serve to stimulate the attention of fellow petrologists engage 
in the survey of anorthositic areas. Perhaps this one chance in million 
may be realized somewhere else, after all. ‘ 
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Die Genesis der Svionischen Granite. 


Zur Diskussion itiber die Granitisationstheorie. 
Von 


Nits H. Magnusson. 


Nachdem H. G. Backiunp in zwei Arbeiten (1 und 2) seine Auffassung 
‘on den svionischen Graniten und Gneisen als Produkten eines Granitisa- 
lonsprozesses 7 situ hauptsichlich von Sedimenten dargelegt hatte, 
uchte der Verfasser in einem Diskussionsbeitrag (19) die Beobachtungen 
usammenzufassen, die er wahrend zweier Dezennien Feldarbeit inner- 
ialb des schwedischen Teiles der Svekofenniden gemacht hat, und an 
dand dieser Beobachtungen die generelle Granitisationstheorie Back- 
UNDs zu priifen. Als Antwort auf diesen Diskussionsbeitrag hat Back- 
UND in dem vyorliegenden Heft von »Geol. For. Férh.» eine Entgegnung 
3) oder nach seinem eigenen Ausdruck eine »Verdeutlichung» veréffent- 
icht. 

Infolge der oft diffusen Schreibweise BackLuNDs kam diese Verdeut- 
ichung willkommen; doch verindert sie die Sachlage nicht. Die Be- 
lauptung BackLunps, dass mein Beitrag weder etwas Neues bringe noch 
twas von ihm nicht schon Beriicksichtigtes anfiihre, zeugt bei emmem 
0 schwerbearbeiteten Gebiet wie diesem von einem starken Selbstver- 
rauen. Hine derartige Behauptung vermag meine Kritik keineswegs 
ju schwichen, umso weniger da ich, gestiitzt vor allem auf 
meine eigenen Feldbeobachtungen, Bacxtunps Hy- 
90these und deren Médiglichkeit, beobachtete 
Tatsachen zu erklaren, priifen wollte. Dass ich dabei 
7 einer in vielen Hinsichten von BackLuND abweichenden Auffassung 
yekommen bin, kann die Tatsache nicht verhiillen, dass ich im grossen 
ind ganzen dieselben Ausgangspunkte habe wie er. 

Um bei der weiteren Diskussion so viel wie méglich jedes Missver- 
stindnis zu vermeiden, will der Verfasser hier seiner Uberzeugung 
Ausdruck geben, dass ein petrographischer Kreislauf mit sozusagen un- 
jleichen Diametern eine notwendige Annahme ist fiir die Erkliarung der 
seit Milliarden von Jahren andauernden Magmaintrusionen, der fort- 
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gesetzten vulkanischen Tatigkeit und der Sedimentbildung auf de: 
Erdoberfliche wiihrend all dieser Jahre. Der grosse petrographisch 
Kreislauf fiihrt den Gedanken an Aufschmelzungsvorginge an der Un 
terseite der festen Erdkruste mit sich, und — wie vor allem E. Wz@ 
MANN (23) hervorhebt — Migmatite oder Adergneise sind als Glieder in 
grossen petrographischen Kreislauf zu betrachten. Dieses Kinfiigen 
Adergneise in einen stetig fortschreitenden, sich wiederholenden Kr 
lauf ist ein glinzender Beweis fiir die Tragkraft der Gedankenginge, 
die vor allem J. J. SepeERHOLM eingetreten ist. Sowohl — 
und ich, als auch WEGMAN und die finnische Schule mit Eskoua un 
Krancx an der Spitze, sind Schiiler von Seprrnotm. Als erlauterne 
und klarlegend war ganz besonders WecMAnns Werk »Zur Deutung de 
Migmatite» anregend. Es scheint mir doch wenig angebracht vor 
BackLunD, bei WEGMANN eine Stiitze zu suchen fiir seine generell 
Granitisationstheorie, laut welcher ziemlich alle Granite Granitisations 
produkte in situ sind, auch wenn er, insbesondere nach der gelieferter 
Kritik, eine gewisse, wenn auch schwache Mobilisation de 
Granitisationsprodukte erlaubt. 

Die moderne Anschauung von dem Verlauf der Geschehnisse in de 
Erdkruste, die wahrend der letzten Dezennien durch die Idee von den 
petrographischen Kreislauf eine immer klarere Ausgestaltung erhalte 
hat, bindet diese Geschehnisse zu einem logischen, durch die Feldbeob 
achtungen gestiitzten Lehrgebiude zusammen. Sie verleiht Festigkei 
und Zusammenhang. Wo friiher isolierte Problemkomplexe existierte 
findet man sie nunmehr intim verkniipft. Eines der wichtigsten Pro 
bleme betreffs des grossen petrographischen Kreislaufes ist zweifels 
ohne die Frage von der Entstehung der Granitmagmen. Friiher be 
gniigte man sich meistens damit, dass die Magmen von unten her ka 
men, von tiefer gelegenen Teilen der Erdkruste. J. J. SEDERHOLM (20) 
A, GAVELIN (6) und P. J. Hotmautst (12) haben zwar schon vor meh 
als 30 Jahren hervorgehoben, dass Granitmagmen durch Aufschmelzun 
der unteren Teile der Erdkruste entstehen konnten, und SEDERHOL 
hat spater in einer Reihe hervorragender Abhandlungen diese einmé 
gemeinsame schwedisch-finnische Forschungsrichtung weiter ausgé 
baut. Seither sind jedoch Beweise fiir eine derartige Palingenese haupt 
sichlich auf finnischem Boden ans Licht gebracht worden. SEDEE 
HoLMs Werk wurde dort vor allem von P. Esxoua, E. WEGMANN un 
KH. H. Krancx fortgesetzt. Die generellen Fragen sind am klarste 
beleuchtet worden in-den Arbeiten P. Eskouas »On the origin of graniti 
magmas) (4) und »Differential anatexis» (5); er versucht hier eine Hi 
klirung zu geben, dass die Granitmagmen durch eine selektive Aw 
schmelzung von Material im Verein mit »squizingy entstanden seiel 

’ 
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Im Jahre 1906 legte H. E. Jonansson (15) dem »Geologiska Fére- 
ingen» seine sogenannte magmatische Theorie hervor, laut welcher die 
rzfiihrende Leptitformation, einschliesslich deren Hisenerze, Kalk- 
teine, Grauwacken und Schiefergesteine, sowie die Urgranite und 
meise, die zum schwedischen Urgebirge gehéren, eine Schlierenbildung 
yiren in einem Riesenmagma, das unter einem differenziierenden und 
ichtenden Druck erstarrte. Seit jener Zeit richtet sich das Interesse 
ler schwedischen Urgebirgsforscher vor allem darauf, Beweise fiir oder 
egen diese Theorie aufzubringen; eine lebhafte Diskussion, die noch 
mmer nicht zu Ende gefiihrt ist, hat wahrend dreissig Jahre unter 
len schwedischen Geologen stattgefunden. 

Die Gegner der magmatischen Theorie waren gezwungen, an den am 
esten erhaltenen Teilen der Leptitformation genaue Untersuchungen 
rorzunehmen, wo jetzt ein reichhaltiges und bindendes Beweismaterial 
rorhanden ist dafiir, dass die erzfiihrende Leptitformation eine Ober- 
lichenbildung ist, die spater stark zusammengefaltet und aufgerichtet, 
Owie von verschiedenen Arten Graniten und Griinsteinen durchsetzt 
vurde. Auf diese Art wurde das Interesse der schwedischen Geologen 
ron der Diskussion iiber die magmatische oder suprakrustale Natur der 
rzfiihrenden Formation in allzu hohem Grad absorbiert, und die ein- 
nal vielverheissende Entwickelung betreffs der Adergneise wurde abge- 
yrochen und wurde erst wieder in den 1920er Jahren aufgenommen. 
in den 1930er Jahren erweckten die Fragen von der Genesis der Granite 
ind Gneise ein grosses und zunehmendes Interesse bei den schwedischen 
xeologen, wobei natiirlich die von unseren finnischen Kollegen erzielten 
chénen Resultate in hohem Grade stimulierend wirkten. Die zu beiden 
seiten des Bottnischen Meerbusens abweichenden Arbeitsmethoden und 
Resultate diirften mit Gewissheit darauf beruhen, dass wir in den schwe- 
lischen Svekofenniden bedeutend gréssere Gebiete mit gut bewahrten 
vionischen Gesteinen besitzen als in den finnischen, waihrend die fin- 
ischen Svekofenniden mit Graniten von der Gruppe des Hangégranits 
n einem Masse durchtrinkt sind, wie man auf schwedischem Boden 
‘aum anders als rein lokal ein Gegenstiick aufweisen kann. Hs ist des- 
ialb natiirlich, dass der Gedanke an eine »Palingenese» bei den finnischen 
teologen zuerst Wurzel fasste. Seit dem Anfang des 20. Jahrhunderts 
atte der Gedanke auch Anhinger unter den schwedischen Geologen 
ind diirfte heutzutage auch auf schwedischem Boden eine feste Position 
esitzen. 

Ferner michte ich hervorheben, dass es recht unndétig sein diirfte, 
ror schwedischen Geologen — es wire denn vor den wenigen Anhingern 
ler magmatischen Theorie — zu betonen, dass wir bei unserer Arbeit 
ron aktualistischen Anschauungen ausgehen miissen. Wir akzeptieren 
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auch das Evolutionsprinzip, wie WEGMANN es fiir das fennoskandische 
Urgebirge verwertet hat. Dagegen kann ich nicht einsehen, dass die 
beiden Prinzipien mit Backtunps Granitisationstheorie stehen od 
fallen miissen. Ob die Granite wirkliche Intrusionen aus schmelzflie 
sendem Material oder metasomatische Umwandlungsprodukte im si 
ausmachen, kann weder das Aktualitits- noch das Evolutionspri 
umstiirzen. Das hiesse, der Granitisationstheorie allzu grosse Bedeutu 
zuzumessen, 

Aus meinem vorigen Diskussionsbeitrag geht deutlich hervor, dai 
meines Erachtens die Bildung der Adergneise — wie z. B. die Sora 
landgneise — als ein Umwandlungsprozess aufzufassen ist, hau 
siichlich entstanden durch erhéhte Temperatur und eine Durchtrank 
des Gesteinskomplex mit granitischen Saften, deren Zusammensetzung 
beim Vordringen sich sukzessive verainderte durch Ausfallen gewissel 
Elemente auf verschiedenen Niveaus und Auflésung anderer, wobe 
Lésungen in grossem Umfange auch ausserhalb des eigentlichen Ader 
gneisgebietes gelangten und immer schwichere Umwandlungen hervor 
riefen, je weiter sie sich vom Adergneisgebiet entfernt hatten. Inner 
halb dieser Ausseren Zone hat sich eine ganze Menge fliichtigere Bestand 
teile konzentriert und fixiert. Dies ist, wenn man so will, natiirliel 
eine Granitisation. Ich habe sie jedoch nicht so benennen wollen, da di 
umgewandelten Gesteine sich nicht wie Granite verhalten. Da das Cha 
rakteristikum fiir diese Gesteine ein Pegmatit-schlieriger Bau ist 
habe ich anstatt dessen vorgezogen, von einer »Pegmatitisierung» zl 
sprechen. Innerhalb der Adergneise kann (wie ich wiederholt hervorhe 
ben musste) mit Hilfe von weniger umgewandelten Reliktpartien ein 
Aufteilung auf die primiren Gesteinsglieder vorgenommen werden 
was bei einer Umwandlung zu wirklichen Graniten unméglich gewesel 
wire. Es lassen sich also sowohl Vulkanite, Eisenerze, Kalksteine unt 
Verwitterungssedimente als auch Urgranite und Griinsteingainge unter 
scheiden, trotz der chemischen und mineralogischen Verainderungen 
die infolge der den Komplex durchtriinkenden granitischen Safte statt 
gefunden haben. 

Die Gesteine, in denen die Eisenerze und Kalksteine in Sérmlam 
stecken, werden von BAckKLuND als »sedimentogene Metamorphite 
bezeichnet. Dies ist nicht richtig; es sind wirkliche Vulkanite vo 
derselben Art wie die im eigentlichen Bergslagen. Sie gehéren auc 
wie jene zum selben unteren Teil der Leptitformation. Untersuchunge 
in Bergslagen haben uns gelehrt, dass die Leptitformation 1 in einen ur 
teren, grosstenteils vulkanogenen Teil und einen oberen, hauptsichlie 
sedimentiren eingeteilt werden kann. Beim oberen fehlen Hisenerze sow! 
auch Kalksteine; er tritt in zwei verschiedenen Ausbildungsformen aut 
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eils als Grauwacken und Schiefer vom Grythyttetypus, teils als Quar- 
Zite, Glimmerschiefer und Plagioklas-reiche Gesteine vom Larsbotypus. 
Inwiefern diese einander ersetzen oder ob die Gesteine der Larsboserie 
jiinger sind als die Grythyttegesteine ist uns noch nicht mit Sicherheit 
bekannt. Doch gehéren sowohl die Grythytte- als auch die Larsbose- 
limente zur Leptitformation. Wahrscheinlich sind jedoch die Gryt- 
hyttegesteine als eine westliche und die Larsbogesteine als eine dstliche 
Hazies des oberen sedimentiiren Teiles der Leptitformation aufzu- 
fassen. Die zu den Sédrmlandgneisen gehérigen Sedimente miissen un- 
bedingt zur Larsboserie gerechnet werden. Dies geht deutlich hervor 
aus dem Vergleich, der aufgestellt werden kann seit der Herausgabe der 
ausgezeichneten Beschreibung der Larsboserie auf dem Kartenblatt 
Smedjebacken von 8. Hsetmavist (11). Dass diese Sedimente in Berg- 
lagen den Vulkaniten iiberlagern hat Hsetmavist deutlich bewiesen, 
uber sie iiberlagern auch den Vulkaniten in Sérmland. Eine Ursache 
ist nicht vorhanden, weshalb das Verhialtnis zwischen Vulkaniten und 
Sedimenten hier anders sein sollte als in Bergslagen. Deshalb habe ich 
mit Bestimmtheit hervorgehoben, dass Sérmland auf dieselbe Art wie 
Bergslagen aufgebaut ist, mit derselben Stratigraphie und primar mit 
lenselben Gesteinen, wenn auch mit Differenzen in den Proportionen 
zwischen den zugehGrigen Gesteinen. Im grossen und ganzen liegt dem- 
yemiiss der Sérmlandkomplex vom stratigraphischen Standpunkt aus 
nicht hoher als der Bergslagkomplex. Der Unterschied ist nur, dass 
stratigraphisch hdhere Teile in grésserer Menge in Sérmland vorhanden 
sand als in Bergslagen. Die »MS6rmlandgneisey sind dem- 
aach kein stratigraphischer Begriff, wie Bacx- 
LUND anzunehmen scheint, sondern bezeichnet nur 
sin Gebiet mit auf gewisse Art umgewandelten 
Festeinen und nichts weiteres. Die Grenze fiir die 
Gneise oder besser ausgedriickt die Grenzzone zwischen den Gneisen 
mind den benachbarten, weniger umgewandelten Gesteinen schneidet 
liskordant durch die gefaltete Lagenserie. Deshalb besteht keine »Ver- 
worrenheit in der Beweisfiihrung», wenn ich hervorhebe, dass strati- 
yraphisch hohere Teile die Sérmlandgneise beherrschen und dass gleich- 
eitig die Gneise — oder besser die Gneisfront — unter das eigentliche 
Bergslagen, dessen Gesteinskomplex meines Erachtens nach unten in 
Adergneise iibergeht, untertauchen. Solche Adergneise tauchen auch 
NW von Gringesberg auf. 

Ebensowenig wie Sérmland ist Uppland ein stratigraphischer Begriff. 
3AcKLUNDs Behauptung, dass GAvELIN und Macnusson auf ihrer Karte 
rom Norden Uppland, Sérmland und Bergslagen »durch ginzlich ver- 
chiedene Bezeichnungen) von einander abgetrennt haben, ist unrich- 
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tig. Die Urgranite in Uppland haben dieselbe Bezeichnung wie die in 
Bergslagen, die Vulkanite ebenso, Wie ich in meinem vorigen Disku 
sionsbeitrag hervorhob, liegt der Unterschied darin, dass in Upplane 
die Urgranite vorherrschen, in Bergslagen die Leptite. Die Bezeieh 
nung fiir Sérmland wurde gewahlt um anzudeuten, dass die Gneise hie: 
umgewandelte Urgranite und zur Leptitformation gehdrige Gesteine 
sind (siehe Schema der Karte des Nordens). ; 

Der Verf. hat schon vorher betont, dass die Sérmlandgneise mit den 
Graniten nicht gleichzustellen sind. Gleichzeitig habe ich jedoch he: 
vorgehoben, dass im Verein mit der Adergneisbildung granitische Ge 
steine entstanden sind. Diese sind im Adergneisgebiet als gesammelte 
intrusive Pegmatite oder Granite mit meistens unregelmissigen diffuser 
Grenzen und vollstandig eingefiigt in die Tektonik der Gneise auf 
getreten. An der Peripherie hat dieses mobilisierte Granitmaterial sich 
losgelést und das Hangen der Adergneise intrudiert. Diese mehr sel 
standigen Granite gehen unter den Bezeichnungen Fellingsbro-, Orebro- 
Stockholms-, Enkullen-, und Malingsbogranite; sie sind gewodhnlieh 
begleitet von zahlreichen individualisierten, von ihrer Umgebung dure 
scharfe Grenzen abgeschiedenen Pegmatiten. Schon P. J. Hoim 
quist (13) konnte darlegen, dass die Sérmlandgneise von Sédertérn 
von den Urgranit-Leptitgebieten der siidlichen Stockholmer Schirer 
getrennt sind durch eine Zone, reich an Pegmatiten, zu denen die be 
kannten Pegmatite von Uté und Ytterby gehéren. 

Der Verf. hat diese Anregung Hotmauists weiter zu verfolgen gesucht 
und eine Karte, fig. 1, angefertigt iiber die Granite der oben erwahnter 
Typen, sowie tiber pegmatitreiche Gebiete, deren Pegmatite genetisch 
mit ihnen zgusammengehoren. Hs zeigt sich da, dass die durch und durek 
pegmatitschlierige Masse der Sérmlandgneise, die gréssere Menger 
individualisierter Pegmatite und Granite vermisst, rund herum vot 
einer kontinuierlichen, an scharf begrenzten Pegmatiten und Graniter 
reichen Zone umgeben ist. Wiahrend es sich bei den Sérmlandgneiser 
hauptsachlich um 7m situ mobilisiertes Material handelt, ist bei diese: 
Zone vor allem von wirklichen Intrusionen die Rede. Der Zusammen: 
hang zwischen dem 2 situ mobilisierten Material und diesen Intrusioner 
ist jedoch vollkommen deutlich. In der Stockholmer Gegend, der vor 
Hotmauist nachgewiesenen Zone lings der éstlichen Kiiste von Séder 
térn sowie in der Zone von Nyképing gegen Orebro tritt ebenfalls w 
sttu mobilisiertes Material Seite an Seite mit wirklichen Intrusionen auf 
Siidlich der Nyképing-Orebro-Zone fangen auch die Adergneise wieder 
um an. Innerhalb der die Adergneise im Norden flankierenden Malar 
zone werden die Intrusionen immer scharfer begrenzt, je mehr man sick 
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den oben erwi&hnten entsprechen. Diese 


ass die Adergneise im nordlichen Gastrikland 
fone kann verfolgt werden von Grisé in Norduppland iiber das siidliche 
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verden von einer Zone, die reich ist an Graniten und Pegmatiten 
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Die Verbreitung von Adergneisen, spitsvionischen Graniten und Pegmatiten 
im mittleren Schweden. 


Genau so findet man 


edoch an mehreren Stellen iiber die Grenzen der Adergneise geriickt, 
ind in den 


vie z. B. in dem von P. Gutser (8) behandelten Gebiet lings der Seen 
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bo und Kararvet hieher gehéren. Westlich von Falun schwenkt di 
Zone mit spitsvionischen Graniten und Pegmatiten iiber Idkerberge' 
gegen Ludvika und Gringesberg hinab und streckt sich gegen Westen 
bis zu den wesentlich jiingeren Graniten vom Jarna- und Siljanstypus 
Innerhalb dieser Gebiete treten — wie schon erwihnt — lokal auch 
Migmatite auf, wie z. B. im Skattlésberg-Gebiet nordwestlich von Gran 
gesberg (16). 

Nach dem Passieren des relativ schmalen Passes bei Gringesberg 
schwillt die an spitsvionischen Graniten und Pegmatiten reiche Zone 
gegen Siiden an und verschmilzt mit den die Sérmlandgneise umge- 
benden Intrusionszonen auf eine Art und Weise, die deutlich beider ge 
meinsame Natur bekundet. 

Diese Zone von Gringesberg bis Nora hinab trennt im Westen ein 
von metamorphem Standpunkt aus dusserst gut erhaltenes Gebiet ak 
in dem die Grythytte- und Saxafelder gelegen sind; die Intrusionen sind 
in dieser Richtung zu einer derart ausgepragten Linie vorgeriickt, d 
man von einer eigentlichen Intrusionsfront sprechen kann. Westli 
davon treten nur ganz vereinzelte Intrusionen von den hier behandelten 
Typen auf. ; 

Zwischen der Intrusionszone von Grisé gegen Falun und der Intru 
sionszone von Stockholm iiber den Malarsee, sowie gegen W und SW 
von der Intrusionszone von Falun iiber Idkerberget und Gringesberg 
begrenzt, liegt ein in spitsvionischer Zeit wenig bearbeitetes Gebiet. 
Diese ziemlich gleichmissig breite Gegend ertireckt sich von Borlange 
in Dalekarlien iiber Avesta, Sala und Uppsala bis zur Kiiste nérdlich 
von Norrtilje. Die Anzahl spitsvionischer Granite und Pegmatite ist 
hier sehr gering, und spitsvionische Adergneise fehlen ginzlich. Ein 
Vergleich zwischen Fig. 1 und einer geologischen Ubersichtskarte zeigt. 
wie die Intrusionszonen mit ihren Grenzen oft mit grossen Winkeln die 
Streichungsrichtungen und die Tektonik des Alteren Urgranit-Leptit- 
komplexes schneiden. 


Der Gesteinskomplex der Svekofenniden im mittleren Schweden kann 
demnach folgendermassen eingeteilt werden: 


1. Adergneisgebiete, innerhalb welcher die Urgranite und 
die Gesteine der Leptitformation in pegmatitschlierige Gesteine umge: 
wandelt sind und deren spitsvionische Pegmatite und Granite mit de 
Adergneisen und deren Tektonik eng zusammen gehéren. 

2. Intrusionsgebiete, innerhalb welcher scharf begrenil 
Intrusionen von cbateulaiiechen Pegmatiten und Graniten aa 


auftreten. Diese Intrusionen greifen an mehreren Stellen iiber die sch 
fertig gebildeten Adergneise hiniiber. 
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3. Gut erhaltene Gebiete, innerhalb welcher spiitsvio- 
sche Adergneise giinzlich fehlen und spatsvionische Pegmatite und 
iranite selten auftreten. 

Die Karte, Fig. 1, veranschaulicht, wie diese drei verschiedenen Arten 
ron Gebieten sich in Zonen mit bestimmter Reihenfolge ordnen lassen, 
ladurch dass die Intrusionsgebiete abwechselnd als breite und schmale 
continuierliche Zonen zwischen den Adergneisgebieten und den gut 
thaltenen Gebieten auftreten. Daraus geht deutlich hervor, dass es 
ich hier um drei Tiefenzonen handelt, wobei die Adergneiszone zu un- 
erst liegt, die Zone der gut erhaltenen Gesteine zu oberst und die In- 
Tusionszone als eine Ubergangszone zwischen beiden. Die Karte macht 
inen starken Beleg aus fiir die in meinem vorigen Diskussionsbeitrag 
largelegte Ansicht, dass die Intrusionen von spitsvionischen Graniten 
ind Pegmatiten einer hoheren Zone in der Erdkruste angehéren als die 
A dergneise. 

Die drei konstatierten Tiefenzonen schneiden diskordant durch den 
vesentlich alteren, intensiv gefalteten Komplex und haben mit der 
igentlichen svionischen Faltung nichts zu tun. Zwischen dieser Faltung 
md der Ausbildung der erwihnten Tiefenzonen liegt, wie ich in einem 
inderen Zusammenhang hervorgehoben habe, ein sehr langer Hiatus. 
Das Bild, das die Karte Fig. 1 von der Verteilung der Adergneise und 
ler spitsvionischen Granite in Mittelschweden gibt, scheint ebenfalls 
neine vielmals angefiihrte Auffassung zu bestitigen, nimlich dass die 
Adergneise und die erwaihnten Intrusionen eher durch epeirogenetische 
ils durch orogenetische Senkung entstanden sind. Die eigentliche sveko- 
ennische Orogenese ist alteren Datums und haingt mit den grossen Ur- 
ranitintrusionen zusammen. Meiner Ansicht nach gehéren jedoch die 
patsvionischen Intrusionen zu demselben Zyklus wie die Urgranite und 
lie Faltung. Sie sind die zyklusabschliessenden Granite. 

Betreffs der Adergneise sind Backtunps und meine Auffassungen 
icht so scharf abweichend wie betreffs der Urgranite. BacKLUND 
.ebt auch hervor, dass man ein ganz anderes Bild erhalt von diesem er- 
ten »Aufstieg von Emanationen». Erstens fehlen Pegmatite vollstan- 
lig. Dies ist sehr wesentlich, da man erwarten kénnte, dass auch in 
liesem Fall eine Anreicherung von fliichtigen Bestandteilen gegen die 
spitzen der Emanationswellen hin stattgefunden hitten. Als Erklirung 
iir dieses Fehlen von Pegmatiten gibt Backiunp an, dass die Emana- 
ionen — die in beiden Fallen im grossen und ganzen dieselbe Zusam- 
nensetzung hatten, wenn es sich um Urgranite handelt — hauptsich- 
ich auf Alkalien arme oder »verarmtey Gesteine trafen, an die die Alka- 
en gebunden wurden. Dass die Sache sich so verhalten hat, habe ich 
fiihe zu verstehen. Mit Ausnahme von grossen Teilen Sérmlands 
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sitzen die Urgranite ziemlich ausschliesslich in dem unteren vulka 
genen Komplex, und dieser wird aus alkalireichen Gesteinen auf, 
baut; die Bruchstiicke, die sich im Inneren der Urgranite befinden, siz 
derselben Natur wie die Vulkanite, die rund um die Urgranite her 
auftreten. Die Verwitterungssedimente, die innerhalb der westlich 
Teile von Bergslagen auftreten, sind nirgends granitisiert, was sie la 
Backiunbs Theorie sein miissten. Die einzige Méglichkeit, BackLu 
Anspriiche auf Feldspat-arme Gesteine, die durch Granitisation 
Entstehung von Graniten verursacht hitten, zufriedenzustellen, schein 
meines Erachtens zu sein, die Leptite ebenfalls als Granitisationsprodu 
te aufzufassen und somit anzunehmen, dass in Wirklichkeit Gestei 
mit bewahrten primiren Zusammensetzungen in der svionischen For 
tion nicht existieren. 

N. Sunprus (22) hat ja im Grythyttefeld die schénsten Lava- um 
Tuffstrukturen bei den Vulkaniten und klastische Strukturen be 
Grauwacken und Schiefern konstatiert. Spater sind dergleichen Struk 
turen — wenn auch mehr sporadisch — an verschiedenen Orten innet 
halb der besser bewahrten, nicht zu Adergneisen umgewandelte 
Teile der svionischen Formation gefunden worden. Wie diese Strukture: 
nach erlebter metasomatischer Umwandlung hitten erhalten bleibe: 
konnen, ist schwer zu begreifen. Alle Forscher, die wirklich selber i 
den erzfiihrenden Teilen Mittelschwedens gearbeitet haben, diirfte 
sich einig sein dariiber, dass die meisten Vulkanite in diesen Gebiete: 
den primaren chemischen Charakter gut bewahrt haben. Die metaso 
matischen Umwandlungen — auch wenn sie gewohnlich sind — habe 
doch nur einen untergeordneten Teil der ganzen Vulkanitmasse ge 
troffen. Der Versuch Backtunbs, das Fehlen von Pegmatiten bei de 
Urgranitbildung zu erkliren, ist meines Erachtens verfehlt. 

Laut BackLunpD war auch beim zweiten »Aufstieg von Emanationem 
bei dem u. a. die Adergneise sich gebildet haben sollen, die Feldspati 
sierung schon vollendet und die Emanation fiihrte nur eine Kompletti 
rung mit sich. Diese Komplettierung, dieser Uberschuss hitte di 
Pegmatitschlieren gebildet. Es kommt mir vor, als ob dann die Vulke 
nite an erster Stelle die Bildung von Pegmatiten hatten verursache 
miissen. Dies ist jedoch nicht der Fall; anstatt dessen haben die Vel 
witterungssedimente und vor allem die Schiefer die typischsten Adei 
gneise zustande gebracht. Doch ist es selbstverstandlich, dass je gro: 
ser der Zuschuss sein kann, umso mehr Pegmatite haben sich bilde 
kénnen. Die Gesteine von Sérmland sind jedoch nicht einmal nach de 
Adergneisbildung an Alkalien gesattigt. Noch gibt es sowohl Al, O, a 
auch Si O, in Uberschuss, was auch BACKLUND gezeigt hat. Im Hi 
klang mit BAcKLUNDs Beweisbahtants hatte man gerade da, wo die me 
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ten pegmatitschlierigen Gesteine sich befinden, ein homogenes Grani- 
isationsprodukt erwartet. 

Backtunps Erklirung fiir die homogene Ausbildung der Urgranite 
autet: »Homogene Sedimente ergeben selbstverstiindlich homogene 
sranitisationsprodukte.» Wie sieht dann die Leptitformation aus, aus 
ler die Urgranite sich durch metasomatische Umwandlungsprozesse 
sebildet haben sollten? Dank einer Reihe von Abhandlungen und Mo- 
nographien kennen wir sie recht gut und wissen, dass der Wechsel zwi- 
schen verschiedenen Schichten sich ungemein rasch abspielt. Gewéhn- 
ich finden wir die Tuffe vermischt mit Kalksteinen oder selber kalk- 
‘tihrend. Wir finden Eisenerze verschiedener Art, von denen ein grosser 
Peil als Sediment gedeutet werden muss. Wir finden effusive Griinsteine 
sowie Verwitterungssedimente verschiedener Art (Schiefer, Grau- 
wacken, Quarzite). Der Wechsel ist gewéhnlich so schnell, dass die 
stratifikation der Formation sich innerhalb der Urgranite geltend 
machen miisste, wenn diese in BackLunDs Sinn Granitisationsprodukte 
waren. Etwas derartiges konnte nur in gewissen Teilen Upplands, bei 
len eigentlichen Intrusionsfronten, konstatiert werden. Von dem eigent- 
ichen Bergslagen kennt man keine Beispiele dafiir. 

Wie auch Backtunp hervorgehoben hat, beherrschen also die inho- 

mogenen Sedimentfolgen die Leptitformation. Laut Backiunp ist 
lies auch die Ursache fiir die grossen Variationen bei den Graniten. Hs 
machte mir Vergniigen, mittels einer Reihe Nigglidiagramme diese 
Variationen fiir die Urgranite innerhalb des eigentlichen Bergslagen 
veranzuschaulichen, da von diesem Gebiet eine geniigende Anzahl Ana- 
ysen in einer Reihe moderner Abhandlungen und Monographien ver- 
Mfentlicht worden sind. Von den in grésseren Mengen auftretenden 
Urgraniten, die die Urgranitmassive hauptsachlich aufbauen, wurden 
mit spezieller Bezeichnung die quantitativ sehr untergeordneten fein- 
<érnigen Randfaziesbildungen abgetrennt. In demselben Diagramm 
nat der Verf. auch vorhandene Analysen von zur Leptitformation gehé- 
-enden Gesteinen von derselben Gegend eingesetzt und sie in drei Grup- 
9en getrennt: unumgewandelte Vulkanite, metasomatisch umgewan- 
elte Vulkanite und Verwitterungssedimente, hauptsichlich Schiefer. 
usserdem wurden alle verfiigbaren Analysen von spatsvionischen 
raniten vom eigentlichen Bergslagen mitgenommen. Ausser friiher 
eroffentlichten Analysen hat der Verf. einen Teil neuer Analysen von 
en Ljusnarsberg- und Gringesbergfeldern verwendet, ausgefiihrt zum 
weck zukiinftiger Monographien iiber diese Felder. 

Das Diagramm Fig. 2, mit al abgesetzt nach der Ordinate und si nach 
ler Abszisse, zeigt eine ausserordentlich starke Zerstreuung der ganzen 

eptitformation, trotzdem die Karbonatgesteine und die Erze nicht 
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Fig. 2. Diagramm mit al nach der Ordinate und si nach der Abszisse (1 = Leptite, 2 = 

Metasomatisch umgewandelte Leptite, 3 = Schiefergesteine, 4 = Urgranite, 5 = Urgranit 

randbildungen, 6 = Spitsvionische Granite, 7 = Die generelle Differentiationskurve de 

Urgranite, 8 = Spezielle Differentiationskurven der Urgranite in den Grangesberg, Ljus 
narsberg, Falun und Norberg Gebieten). 


mitgenommen worden sind. Auch wenn man die metasomatise! 
umgewandelten Hilleflinten und Leptite ausnimmt, konstatiert mai 
eine bedeutend stiirkere Verbreitung fiir die noch vorhandenen Lave 
und Tuffe als fiir die Urgranite, die sich innerhalb eines begrenzte 
Feldes ansammeln. Innerhalb desselben Feldes liegen auch die spat 
svionischen Granite, wenn auch betreffs der si-Zahl mit bedeutend we 
niger Variationen. Die Hauptmasse dieser jiingeren Granite lieg 
zwischen den si-Zahlen 350 und 450, waihrend die Urgranite zwische 
280 und 550 variieren. An die Urgranitserie kniipfen sich dann 6Ofter 
recht zahlreich auftretende Griinsteine von Diorit- und Gabbrocharak 
ter. Da die geologische Literatur nicht geniigend viele Analysen iibe 
derartige Gesteine aufweist, kénnen diese in dieser Darstellung nich 
beriicksichtigt werden. Auch die sp&tsvionischen Granite gehen lok: 
in mehr basische Typen iiber. Nur ein einziger von diesen ist analysiet 
worden, namlich der Hyttsjégranit aus der Gegend der Langbar 
Grube, weshalb er auch ausserhalb der Area der normalen spatsvic 
nischen Granite fallt. Auch Griinsteine treten lokal zusammen mit de 
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fig. 3. Diagramm mit fm nach der Ordinate und si nach der Abszisse (dieselben Be- 
zeichnungen wie fiir Fig. 2). 


spatsvionischen Graniten auf, wie z. B. auf dem Kartenblatt Granges- 
berg. Fiir Bergslagen im ganzen spielen jedoch diese basischen Granite 
and Griinsteine keine gréssere Rolle und kénnen, da es sich um einen 
Diskussionsbeitrag in der Granitisationsfrage handelt, ausser Acht 
yelassen werden. 

Das Einzeichnen einer die bekannten Urgranitpunkte verbindenden 
Zickzackkurve ist, wie aus dem Diagramm hervorgeht, unmoglich. Je 
mehr erhaltene Analysen, umso dichter Fiillen die al-Punkte das gege- 
bene Feld aus. Der Verf. zieht deshalb vor, eine Mittelkurve gerade 
Jurch das Punktfeld zu ziehen und diese Kurve die generelle Differen- 
siationskurve fiir die Urgranite von Bergslagen reprasentieren zu lassen. 
\uf dieselbe Art kann eine solche Kurve fiir die spatsvionischen Granite 
ingezeichnet werden. Fiir die einzelnen kleineren Gebiete kénnen 

ifferentiationskurven durch Verbindung der Punkte erhalten werden, 

ie der Verf. in einer anderen Arbeit (18) fiir die Urgranite innerhalb 
er Ljusnarsberg- und Gringesberg-Gebiete, sowie fiir die spitsvio- 
ischen Granite innerhalb derselben Gebiete gezeigt hat. Man kann also 
agen, dass das Urgranitfeld von mehreren Differentiationskurven, die 
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Fig. 4. Diagramm mit ¢ nach der Ordinate und si nach der Abszisse (dieselben B 
zeichnungen wie fiir Fig. 2). 


im grossen und ganzen parallel zur generellen Differentiationskury 
laufen, zusammengesetzt ist. 

Das Diagramm Fig. 3, mit fm abgesetzt nach der Ordinate und | 
nach der Abszisse, zeigt auf dieselbe Art, wie die Urgranitpunkte inne! 
halb eines kleineren Gebietes konzentriert sind als die Punkte der Ley 
titformation, sowie auch wie die spitsvionischen Granite sich innerhal 
eines noch begrenzteren Feldes mit relativ niedrigen fm-Zahlen san 
meln. Ausserhalb des normalen Urgranitfeldes fallen nur eine vo 
Linprots verdffentlchte Analyse von Vinterhéjden im nérdlichen Te 
von Orebro Lan, sowie eine der Horrsjégranitanalysen von Filipstat 
Bergslag. 

Das Diagramm Fig. 4, mit ¢ abgesetzt nach der Ordinate und si na¢ 
der Abszisse, zeigt gleichfalls dieselbe Konzentration der Urgrani 
punkte innerhalb eines engeren Feldes als die Punkte der Leptitform: 
tion. Die Punkte der spatsvionischen Granite fallen innerhalb eim 
noch engeren Feldes. 

Das Diagramm Fig. 5, mit alk abgesetzt nach der Ordinate und si na¢ 
der Abszisse, weist dieselbe starke Zerstreuung fiir die Gesteinen di 
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Fig. 5. Diagramm mit alk nach der Ordinate und si nach der Abszisse (dieselben Be- 
zeichnungen wie fiir Fig. 2). 


Leptitformation auf, em mehr begrenztes Feld fiir die Urgranite und ein 
stark konzentriertes Feld fiir die spatsvionischen Granite. Die Granite 
von Ljusnarsberg, Grangesberg und Norberg liegen hier siimtlich sehr 
nahe der durch das Feld gezogenen generellen Differentiationslinie. Die 
Punkte der Falungranite liegen dagegen auf einer mit dieser parallelen 
uedrigeren Linie am unteren Rand des Feldes. Ausserhalb des nor- 
nalen Urgranitfeldes fallt allein der eigentiimliche Vinterhdjdgranit. 

Wie bekannt ist, variieren die Laven und Tuffe auch sehr bedeutend 
n Bezug auf das Alkaliverhiltnis. Dies wird durch Nigglis k-Zahl 
yeranschaulicht. In dem Diagramm Fig. 6 hat der Verf. zur Veran- 
inschaulichung der Variationen im Alkaliverhiltnis bei den drei Ge- 
teinsgruppen die k-Zahl als Abszisse und die c-Zahl als Ordinate einge- 
etzt. Man findet dann fiir die Gesteine der Leptitformation eine sehr 
tarke Zerstreuung sowohl betreffs der k-Zahl als auch betreffs der c- 
fahl. Hervorzuheben wiire — was auch schon mehrere andere Forscher 
yetont haben — die starke Anhiufung von Punkten mit extrem niedrigen 
ind extrem hohen k-Zahlen, dem reichlichen Auftreten von extremen 
Natron- und Kalileptiten entsprechend. Die durch Kartierung gewonne- 


300 NILS H. MAGNUSSON. [Mars—April 193} 


10 


Fig. 6. Diagramm mit c nach der Ordinate und k nach der Abszisse (1 = Leptite, 2: 
Metasomatisch umgewandelte Leptite, 3 = Schiefergesteine, 4 = Urgranite, 5 = Urgrami 
randbildungen, 6 = Spatsvionische Granite). 


nen Erfahrungen scheinen alle dafiir zu sprechen, dass diese extreme 
Gesteine tiber die intermediiren Leptite innerhalb des eigentlichen Berg 
lagen dominieren. Hervorzuheben ist auch das reichliche Auftreten ve 
CaO-armen alkalinen Leptiten. Setzt man die Urgranitanalysen | 
dieses Diagramm ein und trennt man die Randfaziesbildungen als en 
Gruppe fiir sich ab, so findet man, dass die Urgranite sich innerha 
eines sehr begrenzten Gebietes, mit der k-Zahl zwischen 30 und ! 
variierend, sammeln. Betreffs der c-Zahl liegt der Durchschnitt bede 
tend hoher als fiir die Gesteine der Leptitformation. Niedrigere | 
Zahlen als 30 weisen nur die Randfaziesbildungen auf, sowie der Silve 
knutgranophyr im Grythyttefeld, der wahrscheinlich als eine Ram 
faziesbildung zu betrachten ist, auch wenn er als eine Intrusion fiir si 
allein auftritt. Er hat deshalb in allen Diagrammen dieselbe Bezeichnut 
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ig. 7. Diagramm mit al— (c + alk) + fm nach der Ordinate und si nach der Abszisse 
(dieselben Bezeichnungen wie fiir Fig. 6). 


rhalten wie die Randfaziesbildungen. Die jiingeren Granite sammeln 
ich in diesem Diagramm zu einem sehr begrenzten Feld mit der k-Zahl 
ariierend zwischen 42 und 54 und der c-Zahl zwischen 5 und 8. & 
Da laut Backiunp die Granite vor allem aus Sedimenten entstanden 
ind, hat der Verf. noch ein Diagramm, Fig. 7, zusammengestellt mit 
er si-Zahl lings der Abszisse und al- (c + alk) + fm lings der 
rdinate. Die Verwitterungssedimente unterscheiden sich von den 
yroklastischen Sedimenten und den Laven vor allem durch hohe 
l- (c + alk) -Werte sowie durch hohe fm-Zahl. Es ist natiirlich von 
rosster Bedeutung, zu sehen, wie diese zusammenwirken, um die Punkte 
a zerstreuen. Man findet, dass die Schiefer und die metasomatischen 
Imwandlungsprodukte aus Halleflinten und Leptiten durchweg hohe 
Verte an der Ordinate haben, die normalen Leptite dagegen durchweg 
iedrigere. Als Zwischentypen stehen schieferartige Leptite und Halle- 
inten sowie Gesteine, die wegen einer relativ schwachen Umwandlung 
icht als umgewandelte angenommen worden sind. Letzteres gilt vor 
lem fiir etliche altere Analysen. Das Diagramm zeigt, dass die Punkte 
er Urgranite innerhalb eines gut begrenzten Gebietes fallen und dass 
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die spiitsvionischen Granite innerhalb eines noch kleineren Gebietes, 
wo die Punkte sehr dicht stehen, fallen. Fiir beide gilt, dass al— (¢ + 
++ alk) + fm mit wachsender si-Zahl allmiblich sinkt. Ausserhalb des 
normalen Urgranitfeldes fallen in diesem Diagramm einige Randfazies- 
bildungen, der Vinterhéjdgranit sowie der Horrsjégranit. 

Alle diese Diagramme veranschaulichen auf eine ausgezeichnete Art 
und Weise die allgemeine Erfahrung, die uns die petrographischer 
Untersuchungen schon gegeben haben: 

dass die Gesteine der Leptitformation in der chemischen Zusamme 
setzung starke Variationen aufweisen, was auch natiirlich ist, da 
sich um eine so komplexe Bildung wie diese Suprakrustalformati 
handelt; 

dass die Urgranite innerhalb bedeutend engerer Grenzen varileren 
sowie dass die spitsvionischen Granite im Vergleich mit den vorherg 
henden eine sehr bestimmte chemische Zusammensetzung mit nur 
kleinen Variationen aufweisen. ; 

Jeder Versuch einer Erklarung iiber die Genesis der Granite muss 
Riicksicht nehmen auf die durch diese Diagramme veranschaulichten 
chemischen Higenschaften, die die drei Gesteinsgruppen charakterisieren. 

In dem vorigen Aufsatz iiber die Granitisationsfrage hob der Vert. 
hervor, dass er selbst, P. GeryeR (9) und 8S. Hsetmevist (11) innerhalb 
verschiedener Gebiete gefunden haben, dass im grossen gesehen ein 
gewisser chemischer Zusammenhang besteht zwischen den Gesteinen 
der Leptitformation und den Urgraniten innerhalb jeden — nicht allzu 
kleinen — Teiles von Bergslagen, und Backiunp hat fiir Uppland dassel- 
be dargelegt. Dies gilt eigentlich nur fiir die innerhalb eines jeden Ge- 
bietes dominierenden Lava- und Tuffgesteine. Noch kénnen jedoch in 
dieser Hinsicht nur die Hauptziige wahrgenommen werden. Weitere 
Feldarbeiten und chemische Analysen werden bendtigt, bevor man 
mit Sicherheit feststellen kann, wie nahe dieser Zusammenhang ist. 
Die Diagramme Fig. 8 zeigen, wie sowohl die Leptite als auch die Ur- 
granite von Filipstads Bergslag und dem Grythyttefeld alkalin sind, 
wihrend anderseits die Leptite und Urgranite von Ljusnarsberg und 
Grangesberg in der Regel bedeutend CaO-reicher sind. 

Sei es dass dieser Zusammenhang nur im grossen existiert oder im 
kleinen weiter verfolgt werden kann, so haben wir vier Méglichkeiten, 
ihn zu erkliren: . : 

Dre erste Méglichkeit ist die von mir friiher verdffentlichte — der sich 
GEIJER spater auch angeschlossen hat —, nimlich dass wir die grosse 
Hruptivgesteinsprovinz, von der hier die Rede ist, in kleinere Gebiete 
mit mehr ausgesprochenem Zusammenhang zwischen den Oberflichen- 
gesteinen und den Graniten einteilen kénnen. Die letzteren wiren als 
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* Leptiter och urgraniter tran 
Liusnarsberg och Gréngesberg 


© Halleflintor, leptiter och urgraniter 
tran Filipstads Bergslag och Grythyttan 
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fig. 8. Diagramm mit c nach der Ordinate und k nach der Abszisse (1 = Leptite, 2 = 


Irgranite). Oben Ljusnarsberg und Grangesberg, unten Filipstad und Grythyttan. 


Tiefenfazies der Oberflaichengesteine aufzufassen; diese Ansicht ist auch 
yon SuNDIus (21) ausgesprochen worden in seiner bedeutungsvollen 
Arbeit: Om nagra fragor rérande vara arkiéiska intrusivformationer 1 
nellersta och sddra Sverige (Uber einige Fragen betreffs unserer archai- 
chen Intrusivformationen in Mittel- und Siidschweden). 

Die zweite Méglichkeit ist, dass die Magmen bei ihrem Hervordringen 
las Vermogen besessen haben, in so grossem Umfang Material aus dem 
lurchsetzten Komplex selber zu assimilieren, dass sie modifiziert wur- 
len und eine mit diesem verwandte chemische Zusammensetzung er- 
ielten. 

Die dritte Méglichkeit ist, dass die Magmen Aufschmelzungsprodukte 
ron den tieferen Teilen der anstehenden Leptitformation ausmachen; 
lies bedingt tiefgehende Wurzeln von gleichartigem Material wie 
lasjenige, in welches die Granite nachher eingedrungen und dicht daran 
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erstarrt sind. Diese Erklarung wird in wesentlichem Grad beeinflusst 
davon, ob der Zusammenhang nur im grossen oder auch im Einzelne 
nachgewiesen werden kann. 

Die vierte Méglichkeit ist die von BAcKLUND angefiihrte, naémlich dass 
die Granite keine Magmen sind, sondern in situ aus den suprakrustalen 
Gesteinen durch einen Granitisationsprozess gebildet wurden. Di 
Granitbildung hatte demnach im wesentlichen in einem festen Gestein 
durch Reaktion zwischen diesem und eindringenden Emanationen 
stattgefunden. Der Prozess ist also als ein metasomatischer zu bezeich- 
nen. 

Der vierten Méglichkeit gegeniiber hat der Verf. eine Reihe Feldbeok 
achtungen angefiihrt, und die Diagramme zeigen, dass die Urgranite, 
trotz der Variationen, die bestimmten Gesetzen folgen, eine so gut 
definierte chemische Zusammensetzung besitzen, dass das zugefiihrte 
Material iiber das granitisierte hat dominieren miissen, oder dass durch 
die Lésungen beim Granitisationsprozess Material in solchen Menger 
zugefiihrt und weggefiihrt wurde, dass das Endprodukt in jedem ei 
zelnen Fall die Zusammensetzung und die Higenschaften eines Urgrani 
erhalten hat. In Anbetracht der Verschiedenheit des Ausgangsmateri 
in verschiedenen Fallen setzt dies voraus, dass die Lésungen, die die 
Granitisation verursachten, selber schon granitische — ja man ka 
beinahe sagen urgranitische — Zusammensetzung besassen. _Wird man 
zu einer derartigen Annahme gezwungen, hat man sich schon wer 
entfernt von BackLunps Granitisationstheorie und niahert sich der 
Assimilationstheorie. 

Im vorigen Aufsatz hat der Verf. vom nérdlichen Uppland gezeigt, 
dass die Urgranite oft in grossem Umfang brekziieren, zur Leptitforma- 
tion gehérende Gesteine in sich aufnehmen und assimilieren connie 
wobei die Zusammensetzung der Urgranite natiirlich mehr oder weniger 
stark modifiziert wurde, wenn auch in geringerem Umfang als man er- 
wartet hatte, wahrscheinlich weil das aufgenommene Material sich auf 
grosse Magmamassen rasch verteilen konnte. In Herring konnte der 
Verf. ausserdem dartun, dass das Magma lings der Intrusionsfront in 
grosser Ausdehnung die Leptitformation durchsaftete und dass diese 
Durchsaftung der erste Schritt war in der Richtung nach einer Aufnahme, 
einer Assimilation der Gesteine dieser Formation im Magma. Die Ur- 
granite innerhalb Upplands, wo eine derartige Assimilation viel gewohn- 
licher ist als innerhalb des eigentlichen Bergslagen, zeigen auch bedeu- 
tend gréssere Zerstreuung der Analysenpunkte (siehe Fig. 9) als die 
Diagramme 2—7 fiir die westlicheren Urgranite aufweisen. In welchem 
Umfang diese stirkere Zerstreuung auf assimiliertem Material beruhen 
kann, ist noch unméglich auszusagen, ehe weitere Untersuchungen zur 
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x. 9. Diagramm mit ¢ nach der Ordinate und k nach der Abszisse (1 = Urgranite aus 

m eigentlichen Bergslagen, 2 — Urgranitrandbildungen aus demselben Gebiet, 3 = 

granite aus Uppland, 4 = Durch Assimilation von Natronleptit veranderter Urgranit 
aus Herring). 


sung dieser Frage ausgefiihrt worden sind. Die stiirkere Zerstreuung 
nn auch auf dem Eintreten neuer Gesteinsgruppen, die im eigentlichen 
rgslagen nicht vorkommen, beruhen. Dass die Granite lokal stark 
odifiziert werden kénnen, geht aus den Untersuchungen des Verf. in 
arring hervor. An einem Granit von der Durchsaftungszone wurde 
rt eine Analyse ausgefiihrt. Diese fallt, wie Fig. 9 zeigt, ganz ausser- 
Ib des gewoéhnlichen Variationsgebietes der Urgranite innerhalb 
s k-c-Diagrammes. Der Grund liegt darin, dass sie zufolge Assimila- 
nm von Natronleptit einen unnormal hohen Natrongehalt erhalten hat. 
Auch im eigentlichen Bergslagen kénnen die Urgranite natiirlich durch 
similation von Material lokal beeinflusst worden sein. Fiir die Haupt- 
steine kann dies jedoch nur in geringem Umfang der Fall gewesen sein, 

nur ein Zusammenhang im grossen und nicht im einzelnen nachweis- 
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bar ist. Nur innerhalb zweier Gebiete, nimlich der Gegend W von Vi 
terhéjden auf dem Kartenblatt Nya Kopparberget sowie der von 
Hyermevist niher beschriebenen Larsboserie auf dem éstlichen Teil d 
Kartenblattes Smedjebacken scheint eine reichlichere Assimilation y 
suprakrustalem Material stattgefunden zu haben, die die Granite bee} 
flusst haben kann. Die starke Variation, welche die Gesteine der 
titformation laut der Diagramme aufweisen — im Unterschied zu d 
Urgraniten — zeigt zur Geniige, dass die Assimilation nur Abweichunge 
und Ungleichmissigkeiten in den Differentiationskurven verursachet 
dass sie aber die Gesteine nicht ganz pragen konnte. Das assimilie 
Material muss demgemiiss der eigenen Masse des Granitmagmas gege 
iiber untergeordnet sein. 
Nur fiir die abweichenden natronreichen Randfaziesbildungen kénm 
man — wie 8. Hsetmavist es fiir die zuerst von I. H6apom (14) be 
schriebenen natronreichen Randfaziesbildungen dstlich von dem 
benfeld Nyberg tat — eine Assimilation von Natronleptit vindizierel 
Dagegen spricht, wie der Verf. in seinem vorigen Aufsatz hervorgehobe 
hat, die Tatsache, dass derartige natronreiche Randfazies auch an kalie; 
treme Leptite grenzend auftreten. Es scheint deshalb, als ob auch dies 
natronreichen Randfazies als Differentiationsprodukte im Urgrani 
magma aufzufassen wiiren. . 
Die obige Zusammenstellung zeigt, warum der Verf. auch die Assim 
lation ablehnt als generelle Erklairung fiir den Zusammen 
zwischen den Urgraniten und den Gesteinen der Leptitformation inne! 
halb desselben Teiles von Bergslagen, den man gegenwirtig eher ahr 
als deutlich darlegen kann. Es ist nun die Frage, ob die Aufschme 
zungstheorie grodssere Méglichkeiten in sich birgt, diesen Zusam 
menhang zu erkliren. Sollte der Zusammenhang innerhalb eines Ge 
tes sich ins einzelne erstrecken, so wiirde diese Theorie beinahe eine At 
schmelzung an Ort und Stelle benédtigen. Ist der Zusammenhang s 
wie der Verf. ihn sich im grossen gedacht hat, und sind die Gestet 
glieder der Leptitformation stark aufgerichtet und tiefgehend, so kan 
die Aufschmelzung in recht grossem Abstand von den Stellen, wo di 
Granite jetzt sitzen, stattgefunden haben. Nach allem zu beurteile 
ist dies der Weg, den 8. Hsetmevist (11) eingeschlagen hat, um di 
Granite der Larsboserie und die Urgranite iiberhaupt innerhalb des Kai 
tenblattes Smedjebacken zu erkliren, auch wenn er sich dazu aussei 
dem der Assimilationstheorie bedient, um die Abweichungen in d 
chemischen Zusammensetzung zu erlautern. Gleichzeitig damit scheit 
er annehmen zu wollen, dass die Aufschmelzung niher bei der Intri 
sionsstelle innerhalb der Larsboserie stattgefunden hat als weit 
westlich. Dagegen lehnt er fiir sein Gebiet den Gedanken, dass d 
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granite die entsprechenden Tiefengesteine der Leptite wiiren, 
Ilstaéndig ab. 

Wie aus diesem und dem vorigen Aufsatz iiber die Granitisationsfrage 
rvorgeht, erachtet der Verf., dass die Granite von Anfang an ent- 
anden durch »differential anatexis» in der palingenen Zone, von der 
> Adergneise einen Teil ausmachen, eine Art Ubergangszone zwischen 
r eigentlichen Aufschmelzungszone darunter und der Zone mit In- 
usion von homogenen Magmen dariiber. Das Problem, das dadurch 
fkommt und das besonders durch 8S. HyELMavists Resultate auf dem 
artenblatt Smedjebacken aktuell wurde, ist, wo in dieser Zoneneintei- 
ng die Urgranite zu placieren sind. Die eingehenden Untersuchungen, 
e an verschiedenen Orten innerhalb des eigentlichen Bergslagen aus- 
fiihrt worden sind, weisen mit aller Deutlichkeit darauf hin, dass die 
rgranite homogene Magmen ausmachten, welche die Leptitformation 
trudierten. Sie sind keine Migmatite im eigentlichen Sinne des Wortes, 
ch da nicht, wo sie lokal durch Brekziierung und Assimilation von Ma- 
rial mit fremden Bestandteilen hitten vermischt werden kénnen. Der 
hnitt, den wir vom Urgranitleptitkomplex im eigentlichen Bergslagen 
hen, gehdrt also zur eigentlichen Intrusionszone, auch wenn vielleicht 
B. innerhalb der Larsboserie die Migmatitzone — wie HsELMQvIst 
rmutet — hier und dort sehr nahe heran kommen kann. 

Die Diagramme Fig. 2—7 zeigen uns nun, dass wenn die Urgranite 
is den Gesteinen der Leptitformation durch Aufschmelzung entstan- 
n sind, so mussten sie, bevor sie héher gelegene Teile derselben Lep- 
formation intrudierten, sich verindert haben und homogenisiert wor- 
nm sein. Nicht alles geschmolzene Material konnte in das endgiiltige 
‘anitmagma, das hinaufdrang, eingehen. Je enger der Zusammenhang 
rischen Urgraniten und umgebenden Leptiten ist, umso naher muss 
ich die Aufschmelzung liegen und umso heikler wird es, den Homogeni- 
rungsprozess, der die Granitmagmen schuf, zu erkliren. Ausserdem 
wf nicht vergessen werden, dass die Leptitformation ganz bestimmt 
cht die erste Formation ist, die in diesen Gegenden existierte. Da die 
sptitformation eine suprakrustale Formation ist, muss sie einen Boden 
sessen haben; die Gesteine dieses Bodens miissen vereint mit den un- 
ren Teilen der Leptitformation geschmolzen worden sein und Material 
m diesem Boden muss deshalb in die Urgranite eingehen. Je grosser 
r Abstand ist zwischen dem Platz von der Schmelzung und dem von 
r Intrusion, umso schwieriger zu erkliren ist der Zusammenhang, da 
smdes Material in immer grésserem Umfang in das endgiiltige Magma 
igegangen sein muss. Je kleiner der Abstand ist zwischen dem Platz 
nm der Schmelzung und dem von der Intrusion, umso schwieriger zu 
Klaren sind der Homogenisierungsprozess und das selbstiindige Auf- 
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treten, das die Urgranite aufweisen. Dazu kommt, besonders im le! 
teren Fall, die Schwierigkeit zu erklaren, warum die Intrusionen ni¢l 
in grésserem Umfang die ilteren Strukturen schneiden, sondern haup 
sichlich als schichtenahnliche oder lakkolithische Kérper im sup 
krustalen Komplex auftreten. Dies gilt vor allem fiir die westliche 
Teile von Bergslagen; gegen Osten brekziieren die in grésseren Meng 
auftretenden Urgranite in grossem Umfang und die Leptitformatio: 
tritt oft als Bruchstiicke in den Urgraniten auf. Die spitsvionisch 
Adergneisbildung, die im siidwestlichen Finnland und an den S6rmlant 
gneisen so besonders gut studiert werden kann, besitzt in den Urgranit 
gebieten kein Gegenstiick. Dies scheint mir auch dagegen zu sprecher 
dass der Abstand zwischen den Urgraniten und deren palingenen 
gering gewesen sein soll. 

Die Schwierigkeiten, sonst die homogene Zusammensetzung der ver 
schiedenen Urgranitkérper, sowie das selbstiindige intrusive Auftrete 
dieser zu erklaren, ferner die Abwesenheit der fiir die spiatsvioniseh 
palingene Zone charakteristischen Ziige scheinen meines Erachtens 
stimmt fiir einen grossen Abstand zwischen den Urgraniten und i 
palingenen Zone zu sprechen. Mit diesem grossen Abstand erhalten di 
Granite mehr fremdes Material, und grosse Schwierigkeiten erhebe 
sich, den konstatierten Zusammenhang zu erkliren, ohne deshalb ar 
nehmen zu miissen, dass die Oberflaichengesteine, also die Hilleflinte 
und Leptite, von derselben Quelle wie die Urgranite herstammen. — 

Somit sind wir bei der ersten Méglichkeit angelangt, dass namlie 
innerhalb der grossen Eruptivgesteinsprovinz, die Bergslagen ausmacht 
kleinere Gebiete unterschieden werden kénnen, wo der Zusammenhan 
inniger ist, da die Leptite und Urgranite von derselben Magmaquell 
herriihrten, dass demnach die Urgranite die Tiefenfazies der Leptil 
halleflintgesteine sind. Allein das Auftreten von Laven und T 
stark wechselnder Zusammensetzung erfordert das Vorhandensein v 
Magmaherden, wo die Differentiation vorsichgehen konnte. Um aussel 
halb Bergslagen zu gehen, kénnen wir Beweise holen von einem dussers 
genau untersuchten Gebiet, wie dem von E. Grip (10) beschriebene 
Arvidsjaur-Gebiet. Wir finden dort eine Serie aufemander gelagerte 
Laven, wechselnd von Ryolithen zu Basalten, die alle zu einer vulks 
nischen Serie zusammengehdren. Eine derartige Differentiation i 
natiirlich unméglich ohne einen Magmaherd, in dem die Differentiatio 
unter gesetzmissiger sukzessiver Verinderung des Magmas fortschrei 
konnte. 

Auch innerhalb der Leptitformation finden wir Laven und Tuffe weel 
selnder Zusammensetzung, Ryolithen, Daziten und Andesiten sow! 
Basaltgesteine von oft spilitischem Charakter. Die vorherrschend 
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yolithen sind ihrerseits eingeteilt in Typen, die von extremen Natron- 
| extremen Kalileptiten variieren. P. Griser, der in seiner Mono- 
aphie tiber Norberg (9) den chemischen Bau der Leptitformation aus- 
hrlich behandelt hat, hebt hervor, dass man, abgesehen von den Na- 
onleptiten, in jiingeren Eruptivserien vollstindige Gegenstiicke zu den 
aven und Tuffen der Leptitformation findet. Die Natronleptite allein 
heinen in dem Umfang ihres Vorhandenseins in der Leptitformation 
nerhalb jiingerer Serien eines Gegenstiickes zu entbehren und bilden 
ut GretERs Hinweis das bemerkenswerteste Kennzeichen der Leptit- 
rmation. 

Dass die Urgranite so oft natronreiche bis natronextreme Rand- 
ziesbildungen aufweisen, deutet ja indessen darauf hin, dass eine 
ifferentiation in derartiger Richtung stattfinden kann und auch wirk- 
sh stattgefunden hat in den den Leptiten entsprechenden Tiefen- 
steinen. Dieser Vergleich hat jedoch einen Zweck nur wenn man die 
rgranite und Leptite in Ubereinstimmung mit der ersten Méglichkeit 
s genetisch zusammengehorig betrachtet. Der Verf. will hier auf eine 
iskussion iiber die Natronleptite vom genetischen Gesichtspunkt aus 
cht niher eingehen, sondern nur hervorheben, dass nach seiner Mei- 
ing das Auftreten von natronreichen Randfazies eine Indikation 
ifiir ist, dass eine Differentiation in derartiger Richtung in den Tiefen- 
agmen stattfinden konnte. Die Einteilung, die die Urgranite zeigen, 
itspricht jedoch, wie die Diagramme veranschaulichen, der starken 
ufteilung innerhalb der Laven und Tuffe der Leptitformation keines- 
egs. Wenn die Urgranite mit den Leptiten genetisch zusammenge- 
dren, kénnen die Urgranitmagmen kaum die Magmen gewesen sein, von 
enen die Leptite direkt gekommen sind. 

Die starke Aufteilung der Leptite in chemisch extreme Typen scheint 
ir darauf zu deuten, dass eine Aufteilung innerhalb der sicherlich kom- 
liziert gebauten oberen, an Gasen angereicherten Teile der Magma- 
assins stattgefunden hat, in denen die Differentiation im Zusammen- 
ang mit der Gasanreicherung vorsichging. Der Verf. méchte hier daran 
imnern, wie er angrenzend an den spatsvionischen Malingsbogranit 
nerhalb Ljusnarsberg eine aussere Zone gefunden hat mit Natronan- 
icherung und eine innere mit Kalimetasomatose, sowie dass man im 
sammenhang mit den palingenen Phanomenen eigentiimliche Auftei- 
gen erhalten kann, die bei einer normalen Differentiation in emmem 
agma als unméglich angesehen werden kénnen. Die Urgranite konnten 
nn die im Zusammenhang mit den vulkanischen Ausbriichen ent- 
sten Teile ausmachen, die auf Grund des geringen Gasdruckes nicht 
s Vermégen besassen, zur Erdoberfliche hinaufzudringen, sondern 
fer unten fixiert wurden, oft jedoch schon in einem friihen Stadium 
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in den Vulkanwurzeln selber. Von derartigen friihen subvulkanische 
Intrusionen existieren sicher alle Uberginge bis zu den michtigen, i 
grossem Umfang brekziierenden und assimilierenden Urgraniten in de 
dstlichen Teilen von Mittelschweden, besonders Uppland und Giastr 
land. 

Gr1seR (9) hat in seiner hervorragenden Behandlung von den Erupt 
serien der Leptite und Urgranite hervorgehoben, dass die Ausbildu 
eines verhaltnismissig niedrig temperierten Magmas mit einem wesel 
lichen Gehalt an stark temperatursenkenden Stoffen Méglichkeite 
erdffnen scheint fiir eine allgemeine Erklarung des Vorkommens yt 
Albit-Quarzgesteinen sowohl unter den Leptiten als auch unter den 
graniten. Der Verf. méchte hinzufiigen, dass dies tiberhaupt der einai 
mogliche Weg zu sein scheint, die starke Variation innerhalb der Lept 
formation betreffs der Alkalien zu erklaren. Wo natronreiche Randfazi 
innerhalb der Urgranite auftreten, miissen diese noch einen gewissé 
geniigenden Gasgehalt besessen haben. Vielleicht ist auch durch Al 
trennung des Leptitmaterials die in chemischer Hinsicht relativ en 
Begrenzung, die die Urgranitmagmen zeigen, zustande gekommen. 

Die homogene Ausbildung oder richtiger gesagt die Variation i 
halb enger Grenzen, die die Urgranite von chemischem Standpunkt a 
besitzen, wenn man sie mit den Gesteinen der Leptitformation vergleich 
scheint demnach nicht nur gegen die Granitisationstheorie zu spreche 
sondern auch gegen die Assimilations- und Aufschmelzungstheorien a 
generelle Erklirungen fiir den Zusammenhang, der von mehrere 
Forschern zwischen den Urgraniten und den umgebenden vulkanisch 
Gesteinen der Leptitformation nachgewiesen worden ist. Anstatt de 
scheint die von Sunptus, GreiyER und dem Verf. angenommene Ansicl 
dass die Urgranite die Tiefenfazies der Leptite ausmachen, den beob 
teten Tatsachen am besten zu entsprechen, doch mit dem Zusatz, d 
in gewissen Fallen Aufschmelzung, Assimilation und — wenn man 
will — Granitisation untergeordnete Rollen spielten und lokal 
Resultat beeinflussen konnten. Als Granitisation kénnte man dann | 
Falle bezeichnen, wo die Magmen wie in Herring in cnnatont 
Lésungen itibergingen, die den Gesteinkomplex durchsafteten. Vi 
leicht wird es sich zeigen, dass diese Intrusionsart allgemeiner ist ¢ 
wir jetzt gewohnlich annehmen. Von dort und bis zu einer generell 
Annahme der Durchsaftung als dem fiir die Granitintrusionen Norm 
ist aber der Schritt sehr gross. 

Kin ganz anderes Bild erhalt man, wie friither hervorgehoben wur 
von den spitsvionischen Intrusionen und Adergneisbildungen. Letzte 
sind von mir beschrieben worden als Gesteine verschiedenen Urspr 
die durch aufsteigende granitische Emanationen umgewandelt wurd 
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e Spitsvionischen Granite sind derartiges Material, das sozusagen in 
rstreuter Truppe durch die Gneise ging, um sich nachher zu sammeln 
id den Gesteinskomplex in der dariiberliegenden Intrusionszone zu 
irchsetzen. Bei dieser Ansammlung durchliuft das Material einen 
omogenisierungsprozess. Die spiitsvionischen Granite innerhalb des 
gentlichen Bergslagen wechseln innerhalb noch engerer Grenzen als 
e Urgranite, wie schon angefiihrt worden ist und wie Fig. 2—7 zeigen. 
ellen wir ihre Gegenstiicke innerhalb der Sérmlandgneise und der an- 
enzenden Gebiete zusammen, so finden wir bedeutend stiirkere Zer- 
reuung der Punkte, wie die Diagramme 10 und 11 zeigen. Diese Dia- 
amme zeigen deutlich, in welcher Richtung die Homogenisierung fort- 
schritten ist, je nachdem das Material sich losgelést hatte oder — 
n mit BackLuND zu reden — mobilisiert worden war. Ich zweifle nicht 
iran, dass auch die Urgranite von einer derartigen »palingeneny Zone 
ymmen, die sie als homogene Magmen verliessen. Diese Zone ist jedoch 
r die Urgranite nicht blossgelegt. Wir kennen sie nicht, aber die Idee 
m dem petrographischen Kreislauf verlangt, dass sie einmal existiert 
it. 
Zur Erklirung der besonders in Bergslagen gewoéhnlichen scharfen 
renzen zwischen den Urgraniten und umgebenden Gesteinen sowie der, 
uptsichlich in den éstlichen Teilen Mittelschwedens gewéhnlichen 
ruptivbrekzien und der Ginge, die man iiberall als von den Urgranit- 
ymntakten ausgehend beobachten kann, denkt sich BAcKLUND eine in- 
lge der Volumenvermehrung stattfindende Mobilisation, eine »Reo- 
orphose» der Granitisationsprodukte. Die Mobilisation fiihrt nimlich 
| »Fliessbewegungen, Differentialbewegungen, Fliessfaltungen, Durch- 
jichen, Intrusionen in Richtung des geringeren Widerstandes.» Hs 
f von Wert, dass BackLuND jetzt schirfer als zuvor die Bedeutung 
rt Mobilisation betont. Diese Mobilisation bedeutet seiner Ansicht nach 
e Kulmination der metasomatischen Umwandlung, und die scharfen 
renzen werden im Zusammenhang damit ausgebildet. Wenn ich 
ACKLUND recht verstanden habe, bedeutet dies, dass die Grenzen 
rch die Mobilisation intrusiven Charakter erhalten haben, dass aber 
r Granit durch eine Ansammlung von Emanationsmaterial in einem 
fiir geeigneten Sediment, das durch Volumenvermehrung seine Gren- 
erweitert hatte, gebildet wurde. Eine eigentliche Versetzung der 
diese Art gebildeten Granitmasse scheint BacKkLuNnD nicht zuzu- 
sen, denn wenn er dies tiite, wiirde es sich um Intrusionen der alteren, 
n ihm verworfenen Auffassung handeln. 
Rein theoretisch will ich die Méglichkeit einer Granitbildung Bacx- 
Npscher Art nicht verneinen. Doch méchte ich hervorheben, dass in 
sem Fall das Emanationsmaterial die Méglichkeit gehabt haben 
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Fig. 19. Diagramm mit c nach der Ordinate und k nach der Abszisse (1 = Spaitsvionis 
Granite aus dem eigentlichen Bergslagen, 2 = Spitsvionische Granite aus S6rmland t 
Nirke). 


muss, das Sediment so gut wie vollstindig aufzulésen und ein Prod 
zu schaffen, das die Higenschaften einer Schme 
gehabt hat. Nur auf diese Art kénnen die scharfen Grenzen und ¢ 
Intrusionen erklirt werden. Nur auf diese Art kénnen die feinkérn 
Randfazies mit porphyrischer und granophyrischer Struktur erk 
werden. Nur auf diese Art kann die gegenseitige Kristallisationsf 
der Minerale, die die gut erhaltenen, nicht umgewandelten Granite z 
gen, erklirt werden. Nur auf diese Art kénnen die homogene Aus 
dung und die engen Variationsgrenzen erklart werden. 

Wenn durch reichliche Zufuhr von Emanationsmaterial zu den Seé 
menten auf diese Art wirkliche Schmelzen entstanden sind, erhebt 
die Frage, ob sie nicht im Zusammenhang mit der intensiven Fal 
weit weg versetzt werden und weit entfernt von ihrem Entstehung 
intrudieren konnten. Backtunps starkes Hervorheben der Mob 
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ig. 11. Diagramm mit al—(c + alk) + fm nach der Ordinate und si nach der Abszisse 
(dieselben Bezeichnungen wie fiir Fig. 10). 


ation in seiner letzten Arbeit fiihrt demnach meines Erachtens (auch 
ach seiner Auffassung) zu der Méglichkeit wirklich ausgedehnter Ver- 
etzungen von schmelzfliessendem Material. Dies ist eine direkte Kon- 
equenz von BackLunpbs eigener Darstellung, eine Konsequenz, von 
er ich jedoch nicht iiberzeugt bin, dass Backiunp selbst sie billigen 
rird. 

Wird diese Konsequenz gezogen, werden zu guter letzt doch die Feld- 
eobachtungen den Ausschlag geben miissen, in welchem Umfang wir 
1 den Urgraniten Granitisation in situ oder wirkliche Intrusionen be- 
ttzen. Meines Erachtens reden die Feldbeobachtungen ihre deutliche 
prache, dass wir es hauptsichlich mit Intrusionen zu tun haben. Die 
iefenzone, innerhalb der sich einst die Urgranite bildeten, die palingene 
one der Urgranite, scheint im heutigen Erdoberflichenschnitt nirgends 
lossgelegt zu sein, auch wenn sie hier und dort, wie innerhalb der Lars- 
oserie im Ostlichen Teil des Kartenblattes Smedjebacken, sehr nahe 
ommen kann. 

Was von Anfang an BackLuNnD gezwungen hat, die Granitisation als 
enerelle Erklirung fiir unsere Granite zu nehmen, scheint die Raum- 


21—380060. G. F. F. 1938. 


314 NILS H. MAGNUSSON. [Mars—April 198 


frage gewesen zu sein. BACKLUND sagt: »Die alten Sedimente der Svek 
fenniden sind, wo noch erkennbar, stark zusammengefaltet und nahe; 
oder villig vertikalgestellt. Sie haben, wie die tektonischen Analyse 
wo mehr oder weniger durchgefiihrt, zeigen, eine und mehrere bede 
tende Kompressionsphasen durchgemacht und sind, der nahezu vert 
kalen Stellung ihrer Glieder nach zu urteilen, auf kleinst mégliche Raun 
reduziert worden. Eine Hinschaltung von Neumaterial zwischen die § 
zusammengestauchten Glieder zur Zeit der Zusammenfaltung oder um 
mittelbar in Anschluss daran begegnet in Anbetracht der damalige) 
Tiefenlage der Sedimentserien besonderen Schwierigkeiten.» 
Da also wahrscheinlich derartige Betrachtungen die Ausgangspunkt 
bildeten fiir BacKLUND beim Ausarbeiten seiner generellen Granitis 
tionstheorie, will der Verf. sie hier zur Diskussion aufnehmen. 
Auf Seite 309 in diesem Aufsatz hat der Verf. als seine Auffassum 
hervorgehoben, dass die Urgranitintrusionen wahrscheinlich sehr fi 
begonnen haben, namlich schon wahrend der vulkanischen Periode, mi 
subvulkanischen Intrusionen, sowie dass spiiter alle Ubergiinge von die 
sen bis zu den in gewaltigen Massen auftretenden Upplandgraniten, di 
in eine schon stark aufgerichtete Formation eingedrungen waren, aul 
treten. Ist dies richtig, so sind die Urgranite in grossem Umfang scho 
vor der eigentlichen Zusammenfaltung der Leptitformation gebilde 
worden, und besonders scheint dies innerhalb gewisser Teile des eigent 
lichen Bergslagen der Fall zu sein. Man findet dort weiter, dass die Kri 
stallinitét, die die Gesteine jetzt aufweisen, nur innerhalb der am beste 
erhaltenen relativ untergeordneten Teile der Leptitformation als di 
urspriingliche zu betrachten ist. Eine starke Umkristallisation und Um 
mineralisation fand im Zusammenhang mit dem Vordringen der Urgra 
nite statt. Der Widerstand, auf den die Urgranite bei ihrem Vordringe 
stiessen, war demgemiiss betrachtlich geringer als der, dem sie begegn 
waren, wenn die Leptitformation ihre gegenwirtige Kristallinitat beses 
sen hatte. Nach dem Vordringen und Erstarren der Urgranite, was der 
Gesteinkomplex eine vorher mangelnde Festigkeit verlieh, wurden di 
Umkristallisation und die Ummineralisation auf grosse Strecken inter 
sifiert im Zusammenhang mit der Adergneisbildung und dem Vor 
dringen der spitsvionischen Granite. Es ist demnach nicht richtig 
wenn man — was Backiunp tut —, um den Widerstand aa 
den die Formation dem Vordringen der Urgranite gegeniiber leistete, v 
der heutigen Ausbildung der Leptitformation ausgeht. Die Leptitf 
mation wurde aufgebaut von Laven, losen Tuffen, Eisensediment 
Kalksteinen, losen Sandsteinen und Lehmsedimenten, als die Urgraniti 
trusionen anfingen; sie leistete deshalb sicherlich sehr geringen Wid 
stand gegen die ersten Intrusionen. 
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Die Leptitformation war auch nicht stark aufgerichtet, als die Ur- 
‘anitintrusionen begannen. Eventuell hatte eine schwache Becken- 
dung angefangen, sich geltend zu machen. Die eigentliche Faltung 
sschah sicher, wie mehrere Forscher hervorgehoben haben, erst im Zu- 
mmenhang mit den grosseren Urgranitintrusionen, und die Faltung 
uss auch nach dem Erstarren der Urgranite fortgesetzt haben. Ausser- 
em trafen im Zusammenhang mit der Adergneisbildung und dem Vor- 
ringen der spiitsvionischen Granite neue tektonische Deformationen ein, 
as der Verf. sowohl fiir das Sérmlandgebiet als auch fiir die Erzgegend 
on Ljusnarsberg hervorgehoben hat. Es ist deshalb unrichtig, von der 
eutigen Tektonik auszugehen. Auch von tektonischem Gesichtspunkt 
us diirfte der den Urgraniten geleistete Widerstand relativ gering gewe- 
m sein. Erst infolge der Faltung und der Aufrichtung wurden die 
esteine der Leptitformation »auf kleinst mégliche Riume» zusammen- 
opresst. 


Schhesslich méchte der Verf. hervorheben, dass man sich natiirlich 
icht vorstellen darf, dass eine Urgranitintrusion auf die Art zustande 
am, dass eine schmelzfliessende Masse wie ein linsenférmiger Kérper 
ler eine planparallele Scheibe sich in die Lagenserie hineinschob. An- 
att dessen hat sicherlich in vielen Fallen eine Ansammlung von Material 
attgefunden dort, wo der Granit jetzt sitzt, dadurch dass immer mehr 
aterial zugefiihrt wurde. Das Granitmaterial hat sich somit lings eines 
lativ schmalen Weges vorwartsgearbeitet und sich angesammelt an 
er Intrusionsstelle, die umgebenden Gesteine zur Seite schiebend, oft 
it scharfen Gaingen in sie hineindringend oder sie brekziierend. 


In anderen Fallen ist das Granitmaterial auf breiterer Front vorge- 
ickt, 6fters in mehreren Kanilen, den Gesteinskomplex in Scheiben 
nteilend und Stiicke derselben umschliessend. Diese Scheiben und 
tiicke sind dabei in grossem Umfang in ihrer urspriinglichen Lage ver- 
arrt, oder sind nur unbedeutend verschoben worden. Das Material, 
as auf diese Art vorgedrungen war, hatte jedoch schon urgranitische 
usammensetzung. Durch Assimilation von Material konnte die Zu- 
mmensetzung zwar modifiziert, aber nicht grundwesentlich verandert 
erden. Dies ist der grosse Unterschied zwischen meiner Auffassung und 
sr BacKLUNDS. 

Wie oben hervorgehoben wurde, erhilt man ein ganz anderes Bild von 
er spitsvionischen Adergneisbildung. Der Fehler, den Bacx- 
IND meines Erachtens betreffs der Urgranite 
egeht, ist, dass er die Erfahrungen von den 
alingenen Zonen in Sédermanland und dem 
idwestlichen Finnland allzu streng auf die 
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Urgranite tibertrigt, indem er sie als genetis¢ 
tibereinstimmende Bildungen betrachtet. 
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Den fjairde delen av nutidens stérsta petrografiska handbok kom tidigare 
-viintat, hela 2 manader (jfr G. G. F. 59, 1937, s. 363) fore den utlovade 
rminen; féretalet nedskrevs t. o. m. den 20 dec. 1937 och dirmed ir ett 
indardverk med nara 30-arigt forarbete avslutat. Den foreliggande delen 
drygt 150 sidor omfangsrikare in den féregaende tredje och uppvisar 50 
ara iin den hittills tjockaste andra delen (kvartsf6rande bergarter), men sa 
ifattar den de intressantaste och bist begrainsade bergarterna inom det 
trografiska bergartsvimlet, nimligen faltspatoidbergarterna samt de ultra- 
siska (faltspatfria) representanterna intill de s. k. magmatiska malmerna. 
om denna del har saledes fennoskandisk petrografi fatt ett betydande ut- 
mme och manga bekanta namn med koncisa definitioner méta pa bokens 
lor. Vid flyktig genomsikt ar man éverraskad éver det rel. stora antal nya 
mn pa bergarter tillhérande dessa grupper, som foreslagits och foreslas av 
fattaren sjilv; alltsa tvartemot tidigare amerikansk stravan att reducera 
mnantalet, men detta tillvagagangssitt rattfardigas dirmed att varje 
rgart har sitt klassifikationsnummer, som ger den dess plats 1 systemet 
n dirmed Aven den mineralogiska definitionen. I denna klassifikation, om 
ken tacknimligt kort anyo relateras (med diagram) i slutet av boken (Ap- 
ndix, 9 s.), omfattar den nu utkomna delen bergartsfamiljerna 13—25 
rdelning I) och O—12 samt 44 x-malmer (avdelning IJ). For fenno- 
indiskt vidkommande bir framhivas, att de »magmatiska» karbonatit- 
garterna (Fen-failtet, Alné, Befors) uteslutits som varande till sin genesis 
el underkastade. Alla s. k. metamorfa bergarter ha uteslutits, dock med 
a modifikationer, ty ett par »hornblenditiska» bergarter torde i sitt pre- 
terade skick kanske ej helt aterspegla ursprungliga magmatiska tillstand. 
ellertid ir denna del jamférd med de féregaende en veritabel fyndgruva, 
dan originalbeskrivningar av markliga, ofta lokalbetonade, och stark 

lusiva bergartstyper i manga fall aro ytterst svaratkomliga. En forde | 
et ju, att de anforda bergarternas kemiska sammansittning belyses del 

riginalanalyser, dels Aven medels modalberikningar. I flera fall diskutera 

éreslagna namn kritiskt gentemot exempelvis TR6cER. Utforliga lokal- . 
attare- och bergartsindex (42 s.), som omfatta aven delarne IT och II, 
uta volymen, vilken aven nu som férut begagnar sig av triffande cita 

érjan fran H. C. ANDERSEN, Snedronningen: »Se saa! ... Naar vi ere ved 
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Enden af Historien, ved vi mere, end vi nu vide»; vid indexuppliggning 
»Absente auxilio perquirimus undique frustra, — sed nobis ingens 
auxilium est», och pa sista sidan frin G. E. Lesstnc, Abschied an den Les 
»Wenn du von allem dem, was diese Blatter fiillt — Mein Leser, nichts d 
Dankes werth gefunden — So sey mir wenigstens fiir das verbunden — W 
ich zuriickbehielt»), som alltjamt belysa forfattarens subtila humor. — N 
prof. A. JoHANNSEN numera ingatt i emeritistandet, sa ir han att gratul 
till det minnesmirke han skapat sig och petrografien medels denna handhbe 
— Nordiska petrografer figurera i denna del med 6 portratt. 


H. G. Backlund. 


GEOL. FOREN. FORHANDL. Bd 60. H. 2 


Moétet den 3 mars 1938. 


Narvarande 62 personer. 


Ordféranden, hr SANDEGREN, meddelade, att styrelsen till ledaméter 
Féreningen invalt Bergsingenjér Rupotr Kottert, Stockholm, fore- 
agen av hr Atvar Héexom, Ingenjér Axe K. E. Linperen, Boras, 
reslagen av hrr C. Wiman och N. Zenzin, Bergsingenjér O. Lryp- 
sist, Stockholm, féreslagen av hrr A. H6GsBom och K. E. Santstr6m, 
mt Ingenjér Ertk Roxstr6m, Stockholm, foreslagen av hr A. Héc- 


IM. 


Revisionsberittelse Over styrelsens och skattmistarens férvaltning 
ider ar 1937 féredrogs av hr A. Hégxpom, varefter av revisorerna till- 


yrkt ansvarsfrihet beviljades. 


Sammandrag av Geologiska Foéreningens rakenskaper for ar 1937. 
Debet. 
lans frdn 1936: Reservfondens konto .......... 10 231: 20 
Lotterifondens » ..4i... . 27185: 73 37 416: 93 
| Inkomster under ar 1937. 
servfondens konto, rantemedel ..... . eed Seo 423: 29 
tterifondens » » Bes hes! oe 868: 75 
» »  kursvinst . Sasi om ay 1 431: 53 
onsbilagans » . De A Me OP Ca es lt 215: 93 
rrigeringsbidrags konto . ae ioty 3 era he ch, luiomats wn 100: — 
siljning av Geol. féren. forhandl. 1 005: 93 
tsbidrag Soa gett Coa 1 700: — 
kontorets bidrag oo. ek ne cer 1 000: — 
oersittningar 1 AP ee oe OC Cee 131: 43 
Marotcavollcereatligd . . . 2. « 6 a ss =. (4 045:— 
ptindiga. 6 we ese ew oe 200; 4.745: — ‘11 621. 86 
Utgaende balans: 
ld till P. A. Norstedt for tryckning av G. F. F. 1937 1 420: 63 1 420: 63 
Summa kronor 50 459: 42 
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Kredit. 
Utgifter under ar 1937: 
Geol. féren. férhandl. 1936. Rest 4 tryckning ....... 240: 88 
Geol. foren, forhandl. 1937, tryckning, betald ...... . 7 854: 10 
Geol. féren. forhandl. 1937, tryckning, ogulden. ..... . 1 420: 63 
Geol. féren. férhand]. 1937, illustrationer. ......... 1 200: 15 
Geol. féren. férhandl. 1937, distribution .......... 442: 97 
Mxpeditionskostiader., . 9.9.) 5.) a 2 5 somo wy se ope 483: 45 
TMIGCONA RAE ee Goer ig mr) ood ec SS etne eel oy eee ee 226: 43 
URGLOLG GL cee heres ove tee vale oh — Gaur on peiele | panes 41: 65 
Brandiorsikring och diversé ~s-.. « <2 = 2 3. # ee une 45: — 
RGyueveminUellaw a.) wll Oy tLe. ee ay Gu Riel 5e ae ee 347: 75 
PA OCLOT ML ror tesraietie ue oe. em bo, ip oy, ree ne ge a 1 350: — 13 653e 
Utgaende balans: 
Weserviondéeng konto. 2)... . se oe taece ee tet enue 10 431: 20 
Wotheriiondensis W380 4.5 as) 3 Go Bae nee ae 26375: 21 36 806:: 


Summa kronor 50 459: 4 


Foreningen besl6t inga till Kungl. Maj:t med ansdkan om ett stat 
anslag av kr. 1 700 och till hrr fullmaktige 1 Jernkontoret med ansdkai 


handlingarna under ar 1938. 


Hr N. H. Maenusson hdll ett av kartor, profiler, ljusbilder och st 
belyst foredrag om: Uralbergens mineralfyndigheteé 
och deras geologiska problem. 


den XVII:de internationella geologkongressens exkursion till Ura 
Sarskilt uppeholl sig foredr. vid skarnjirnmalmerna i Blagodat, Vysso 
kaja och Magnetnaja, pa grund av de jamforelser, som gjorts mellat 
dessa fyndigheter och de svenska malmerna av Kirunatyp. En uppsat 
i imnet kommer senare att publiceras. 


Med anledning av foéredraget yttrade sig hrr Geiser, Orton oel 
foredraganden. 


Hr N. Zenzin forevisade en 56 cm lang borrkirna, som av Svensk 
Diamantbergborrningsaktiebolaget samma dag uttagits ur det stor: 
Nordenskidldska Ovifakblocket utanfér Riksmuseets Mineralogiska 
delning. Se vidare nedan sid. 325. 


Hr G. De Geer holl ett av Ijusbilder illustrerat foredrag: Om 
aktuella kvartira dateringar. En uppsats i imnet ater 
finnes i detta hifte av Forhandlingarna. 


Vid métet utdelades N:o 412 av Foérhandlingarna. 
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Motet den 7 april 1938. 
Nirvarande 28 personer. 


Ordféranden, hr SanDEGREN, dppnade métet med féljande anféran- 
Sedan foregiende mote har Geologiska Féreningen samt den kvartir- 
ologiska och geografiska forskningen i Sverige drabbats av en stor och 
uirtsam forlust genom statsgeologen ErtkK GrantunDs plotsliga bort- 
mg. Hans talrika viinner och arbetskamrater ha innu svart att fatta 
t han, som si nyss stod mitt ibland dem intensivt sysslande med 
ora och fruktbirande forskningsuppgifter nu for alltid lamnat deras 
ets. Sarskilt tragiskt ter sig avbrytandet av GRANLUNDs bana just 
1, da han, efter allt att déma, hade stora utsikter att inom kort sasom 
ofessor helt fa aigna sig at en verksamhet, vartill han syntes sirskilt 
ickad, och dir man férvintade, att hans initiativrikedom och orga- 
sationsfoérmiga skulle komma svensk geografisk forskning till godo. 
ZANLUNDs oOfficiella tjinstestiillning var kvartirgeologens, men hela 
ms ligening var geografens. Vilket problem han an tog itu med, 
Jade han med férkarlek regionala synpunkter pa amnets behandling 
h han var en mistare i att genom kartor och bilder sa tillrattaligga 
4 material, att det utan manga ord pa ett klart och évertygande satt 
agalade resultaten av hans forskning. 
GRANLUND, som sedan 1917 varit ledamot av var forening, har genom 
redrag och uppsatser givit virdefulla bidrag till Forhandlingarna, 
n tog med livligt intresse del i féreningslivet, dir hans glada, kamrat- 
a visen gjorde honom allmint omtyckt. Nar for foga mer an ett ar 
Jan férslaget om anordnande av ett II Nordiskt Geologméte i Sverige 
mmaren 1938 framlades, atog sig GRANLUND, hjalpsam och tjanst- 
lig som alltid, huvudparten av arbetet med planlaggning och ledning 
- den kvartirgeologiska exkursionen, dar han bl. a. skulle blivit i 
falle att for en stérre krets av geologer demonstrera resultaten av sina 
ingariga arbeten i Bergslagen och Visterbotten. Nu, da han ar borta, 
r det tyviirr visat sig oméjligt att genomféra denna del av programmet. 
Foreningen har hyllat sin bortgangne ledamot genom nedliggandet av 
krans vid hans bar. Vi skola alltid ihagkomma Erik GRANLUND 
m en idérik och skicklig geolog och som en verkligt god och palitlig 
mrat. — Frid éver hans minne! 


Pill ledamot av Féreningen hade styrelsen invalt Kemigrafen TorsTEN 
TyeRNvIK, Orebro, foreslagen av hrr Kuiuine och TROEDSSON. 
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Som bidrag till fortsatt utgivande av Férhandlingarna under ar 19 
hade Foreningen erhallit ett begirt anslag fran Jernkontoret 4 1 00 
kronor. 


Fran Geografiska Siillskapet i Finland, vid vars 50-arsfest den 2 
januari Féreningen representerades genom sin ordférande, hade 
kommit en tacksamhetsskrivelse, som upplistes av ordforanden. 


Hr H. von Ecxermann holl ett av ljusbilder, stuffer och analys 
tabeller belyst foredrag om: Anortositproblemet i belys 
ning av nya forskningsrén inom Norrlandskus 
tens jotnium. En uppsats i imnet aterfinnes i detta hifte a 
Forhandlingarna. 


Med anledning av foredraget yttrade sig hrr BackLunD, HoLmg 
och foredraganden. 


Hr Backtunp lyckénskade féredraganden till det nya forsdket till lésnin 
av anortositproblemet, ett problem med vilket 1'/, generationer hittills 
forgives brottats; framfér allt dro de talrika nya fakta fran laboratorium : 
falt, som féredraganden med sedvanlig generositet framlagt, att hilsa v 
komna. I férsta rummet var talaren speciellt glatt 6verraskad 6ver pavisan: 
av det av honom linge efterlysta horisontalplanet som bildar underlaget f6 
Nordingraomradets mangfaldiga jotniska sviter. Det bildar otvivelaktig 
referensytan till de olikartade kristallisationer och differentiationer up 
och nedat, som féredraganden sa medryckande beskrivit och foérklar 
T. o. m. 1 de 6versta nivaerna av de repeterade kristallisationerna synes denn 
yta gang pa gang dven i detalj varit riktningsgivande inom de mineral 
anordningarna. Emellertid ville talaren anmirka, for det forsta, att han un 
de 20 ar han tagit del i Fennoskandias geologi férgiives sékt efter en horison 
talavséndring av de dimensioner, den persistens, den fullkomlighet och de 
upptridande pa jimforligt rel. djup det har ar fraga om, som skulle kunna 
fungera som intrusionsplan for en skivformig »lakkolit» eller horisontal vail 
vertikala strukturer och plan dro i vart urberg vida évervagande och domine 
rande samt hindrande fér uppkomsten av en diskordant intrusivkropp @' 
Nordingras form och dimensioner; ty fér det andra, »intrusionen» bor ha ag 
rum pa ett rel. ringa djup, da den sa snart efter sin mise-en-place blottat 
genom erosion; och pa det djup det ar fragan om i det fall »lakkoliten» intrang 
1 urberg aro vertikalstrukturerna fortfarande dominerande. For det tredje ar 
de temperaturer inom »lakkoliten» féredraganden rér sig med, 1 400°, av sada 
storleksordning, att de vida dvertriffa sidobergets och takets likvefaktions 
temperaturer; systemet skulle i hég grad bli fysikaliskt och kemiskt labilt o¢ 
berévas den jamnvikt som ar den nédvandiga for de fortlépande och successi¥ 
kristallina omgrupperingarna. For det fjarde betyder uppkomsten av ett ¢ 
ringa internt évertryck i samband med utvecklingen av retrograda ae 
ter, som ar nddvandigt for viskositetsnedsattningen till fromma fér gravitativ 
mineralomflyttningar, aterigen ett starkt hot mot hela systemets existent 
det ringa djup pa vilket dessa processer bora forsigga, skulle snarare i detta fa 
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la till explosiv utvidgning uppit och stérre delen av bergartsrepresentan- 
ma skulle stelna effusivt. For det femte borde anrikningen av titanhalten 
om den langst likvida (basiska) anparten av systemet ej kunna nimnviirt 
verka dess positiva likviditet, ty erfarenheten betriffande titanhalt i prak- 
cen gar snarast i motsatt riktning; endast i samband med hég alkalihalt 
ed bildande av sena alkali-titanosilikater) torde ett dylikt inflytande (t. ex. 
n anférda ramsayitens laga smiiltpunkt) kunna gira sig giillande, vilket har 
ar fallet. For det sjitte torde en gravitativ differentiation av apatit, i si 
$s sma initialkvantiteter och i form av mest mikroskopiskt sma kristaller, 
of mekaniskt vara mycket svar att forklara i den av foredraganden dnskade 
‘tningen. Slutligen ville talaren fasta uppmirksamheten pa strukturen och 
n kemiska sammansiittningen av den som anortositernas ytekvivalent 
lkade gangbergarten. En 2—4 % lagre Al,O;-halt skiljer den fran an- 
tositer, medan i 6vrigt erfarenheten, sirskilt fran rapakiviomraden, oftast 
pvisar en nagot hégre Al,O,-halv hos effusivekvivalenter. Den laga halten pa 
O,, P,O; och MgO jiimte strukturen stiiller den i den grupp av bergarter, 
rs analyser i stérre analyssamlingar inrangerats under rubriken »inferior 
alyses» (= ofriska bergarter, metodiskt felaktiga analyser) vilket dde aiven 
igen vederfarits nagra av talaren fér c:a 30 ar sedan publicerade 
alyser av diabaser fran Spetsbergen. Analys och struktur stiller bergarten 
amma grupp som de tyska leukodiabaserna och weiselbergiterna, som till 
rsta delen undergatt samma deklasseringséde och som alltid redan mikro- 
opiskt berett stora svarigheter. Da i detta fall bergarten kan belastas varken 
sd vittring i eg. mening eller med analysfel, bér den stiillas till diabasberg- 
ternas lokalmodifikationer och kan niappeligen ha nagon direkt sliktskap 
ad anortositer. Talaren ville tillfoga att lic. Lakxsson i Nygards- 
assivet aven férsékt sig pa gravitativ differentiation som férklaring av de 
r forekommande anortositslirorna, men han hade den férdelen att kunna 
kna med vertikalt uppatstigande strém i differentialrérelsens tecken, vilken 
ktor hir fattas. Anortositproblemet innefattar saledes finnu en rad 6ppna 
igor, ej] minst i Nordingramassivet. 


Hr N. Zenzeén limnade ett av en karta illustrerat Meddelande 
m landisens avsmaltning i Idre. 


Foredr. hade, utgaende fran sitt fynd av en éverskjuten granitmassa 
, Himmerasen strax W om Stadjan, vid Geol. Féren:s méten den 
maj och 3 nov. 1932 lamnat redogérelser for vissa berggrundsgeolo- 
ska forhallanden i Idre.1 Studierna av berggrunden har hade foredr. 
rtsatt under de féljande aren. 1933 hade foredr. av Vetenskapsaka- 
iens Naturskyddskommitté erhallit ett anslag for geologisk under- 
ing av den i Storadalen i norra Idre strax W om den av G. FRODIN 
pdragna isdelaren? belagna Téfsingdalens nationalpark, varvid den 
kan uttalats, att sirskild hansyn skulle tagas till de kvartargeolo- 
a forhallandena. Vid behandlingen av de problem, som dessa er- 


G. F. F,, Bd 54, 1932, p. 387 och 5383—534. Mt ie 
G. Froprn, Studien iiber die Eisscheide in Zentralskandinavien. Bull. Geol. Inst. 
ala, Vol. XIX, 1925, p. 129—214. 
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bjuda, hade det visat sig i hég grad énskvart att fa reda pa, 
landisens avsmiiltning borde tiinkas ha gestaltat sig dels lingre ned 
Storadalen, dels pa bl. a. Langfjillet. Féredr. hade dirfér fr. o. m. 19 
vid insamlandet av material rérande berggrunden iiven antecknat bl. 
de spar efter forna smiltvattensilvar, som han kommit i tillfiille ial 
taga. Det var friimst med tillhjalp av dessa torrdalar eller rann 
som féredr. sékt bilda sig en uppfattning om huru landisens grady 
forsvinnande fran trakten igt rum. De med sadana rannor ej] samma 
hérande moranryggar, som finnas inom omradet, hade foredr. direm 
velat vara forsiktig med. Deras karaktir av andmordner ar ju nume 
kraftigt bestridd. Forsék till deras tolkning i olika fall ansag férec 
lampligen béra ansta, tills nédig 6versikt rérande landisens avsmal 
ning pa annan vig vunnits. 

Det av féredr. studerade omradet strackte sig i dster till Nipfjal 
och Staédjan. Pa Stadjan har for nagra manader sedan, pa senhdst 
1937, en av foredr:s arbeten fullkomligt oberoende kvartargeologi 
undersékning utférts av kand. Cant MANNERFELT. Overenskomme 
har med honom traffats for forhindrande ay kollision vid publicering 
av resultaten. 

Det sista avsmiltningsskede, som foredr. markerat pa den férevisad 
kartan, var ett, dar tungor av landis strickte sig fran Idresjén i Sf 
upp genom dalgangarna, ungefir fram till (i Storadalen nagot NW om 
isdelaren. Kring Idresjén foreféll landisresten att spetsa ut mot sydost 

Till slut lamnade foredr. nagra upplysningar angadende den bekant 
Grovel-issjéns successiva tappning séderut. Under det sista stadiet 
denna torde vattnet ha avrunnit vid den annu pa nordvastra sidan a 
isdelaren liggande sydostliga fortsittningen (Skirasen) av Dyllan p 
sydéstra sidan av Groveldalen. 


Med anledning ay foredraget yttrade sig hr C. MANNERFELT. 
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Jen 2 och 3 mars 1928 anordnade Svenska Diamantbergborrningsaktie- 
aget och AB. Elektrisk Malmletning en utstillning med demonstration 
sina borrmaskiner utanfor Sveriges geologiska undersékning. Inne pa 
G. U:s museum visades en film éver de bida bolagens verksamhet, sirskilt 
seende deras geofysiska undersdkningsmetoder, som dessutom belystes 
1om ett foredrag av direktér Kart SuNDBERG samt demonstration av olika 
fysiska instrument. Den 3 mars pabérjades en kiirnborrning med diamant- 
na i det stora blocket av ovifakjirn utanfér Mineralogiska avdelningen. 
n 5 mars hade hela blocket genomborrats och en fullstindig kiirna, 188.5 
lang, erhallits. Denna, som férvaras 4 Mineralogiska avdelningen, visade 
, intressant nog, besta alltigenom av gediget jarn. En del av kiirnan fore- 
ades 4 Geologiska Féreningens mite den 3 mars. 


Med anledning av denna borrning har Vetenskapsakademien tillerkint dir. 
RL SUNDBERG sin stérre Linnémedali i silver. 


K. Vetenskapsakademien har tillerkint professor G. Aminorr Lindbomska 
6ningen, 200 kr., for arbetet »Ueber die Oxidation von Zinkblende-Ein- 
stallen an Hand von Elektroneninterferenzen studiert». 


Prof. H. Munrue har ur Humanistiska fonden erhallit ett anslag av 2 500 
mor till tryckning av kartor, diagram och text till arkeologiska delen av 
udier 6ver Baltiska havets senkvartiira historia». 


Styrelsen fér Lars Hrertras minne har Dl. a. tilldelat fil. kand. Sture 
NDERGREN 2000 kronor for fortsatt undersékning 6ver de svenska jarn- 
Imernas kemi; doc. C. CaLpENTUs 2 000 kronor fér komplettering av geo- 
mologiska mitningsnitet 1 Sverige samt doc. G. TRoEDsson | 000 kronor 
undersékning av héérsandstenens geologiska férhallanden. 


Lingmanska Kulturfondens nimnd har utdelat anslag till bl. a. fil. dr 
TRID CLEVE-EULER for en kvantitativ undersékning av Oresunds plankton; 
dr G. Erprman fér utarbetande av en pollenatlas; docent Er1k LIUNGNER 
_bearbetande av kartografiskt material fran en expedition till Pata- 
vien 1932—1934; fil. dr Ertk Nisson for fortsatta undersdkningar 
r Bolmens och Vatterns senkvartira utvecklingshistoria. 


. Phil. Jonannes Iversen har utnimnts till Avdelingsgeolog vid Dan- 
tks Geologiske Undersogelse fran den 1 febr. 1938. 


oc. F. Enquist har férordnats att fran den 11 april 1938 uppehalla pro- 
uren i geografi vid Géteborgs hégskola. 


oc. O. Tamm har utnimnts till professor i skoglig markliira vid Skogs- 
skolan fran den 1 juli 1938. 


riges geologiska undersdéknings faltarbeten under sommaren 
och hésten 1938. 


tatsgeologen S. JoHansson utfor agrikulturgeologiska och hydrogeologiska 

ialundersékningar inom valda omraden i sédra och mellersta Sverige. | 
tatsgeologen R. SanpEGREN fortsatter kartlaggningarna pa bladen Mo- 
ta och Varvik samt utfor kvartirgeologiska detaljutredningar 1 vastra 
ige och Uppland. 
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Extrageologer: A. Berapaut, O. CLarsson, E. Crarsson och T. Kr 
STROM. 

Statsgeologen N. Sunprus fortsiitter berggrundskartlaggningen ay Sto 
holms skirgard. 

Statsgeologen N. H. Maanusson 6vervakar berggrundskartlaggningen 
kartbladet Varvik samt utfér malmgeologiska utredningar inom meller 
Sveriges malmférande omriden, huvudsakligen rérande jarnmalms 
gangarna. ; 

Statsgeologen G. Lunpgvist fortsitter den geologiska kartliggningen 
bladet Hedemora, féretager kompletterande rekognosceringar inom d 
av Varmland, Dalarna, Harjedalen och Hilsingland for en 6versiktska 
éver Sveriges jordarter samt utfor en hydrogeologisk undersékning i 
bottens lan. 

Extrageologer: E. Fromm, O. GasrieLsson och F. E. WickMAN. 

Statsgeologen B. AskLunD fortsitter praktiskt-geologiska underséknix 
inom vastra Sveriges granitomrade samt Jimtlands lan. 

Extrageolog: W. Larsson. 

Statsgeologen A. Héazom utfér berggrundsgeologisk kartliaggning pa ke 
bladet Falun samt malmgeologiska undersékningar i norra Sverige. 

Extrageolog: T. Du Retz. 

Geologen G. Exstr6m fortsiitter kartliggningen av jordarterna pa bla 
Lund samt utfér agrogeologiska och hydrogeologiska undersékningar 
valda specialomraden. 

Extrageologer: E. Monren, N. Nizsson, 8. Niztsson och N. Karusson 

Geologen P. THorstunD utfér praktiskt-geologiska undersékningar ¢ 
stratigrafiska utredningar i Jamtlands lan. 

Geologen S. HsEtmgvist utfér berggrundsgeologisk kartliggning pa blad 
Hedemora samt en malmgeologisk undersékning vid Striberg. 

Geologen J. Extunp utfér praktiskt-geologiska och geofysiska unders6 
ningar 1 sédra Sverige. 

Geologen O. Kutuiine utfor geologisk kartliggning pa kartbladet Falu 

Extrageolog: E. RyrreRBERG. { 

Geologen 8S. GAVELIN utfér malmgeologiska specialundersékningar Y 
ee arbete varande malmfyndigheter inom nedre delarna ay Vasterbotte 
ain. 

Gruvingenjér K. A. BARKENBERG leder de gruvtekniska undersékning 
arbetena inom Viisterbottens lin. 

Fil. Doktor G. Besxow utfér viggeologiska faltundersékningar inom o 
delar av landet. 

Assistent fér grusinventeringar: F. RENGMARK. | 
Fil. Doktor G. Assarsson leder en praktisk utredning av torvjorde 
inom valda delar av landet. 
Assistent: C. Larsson. 

Professor P. GrisER utfér utredningar fér en sammanfattande frams 
ning Over den mellansvenska bergslagens jarnmalmsfyndigheter. 

Dessutom pabérjas en geologisk-geofysisk undersékning inom Malmé¢ 
lan samt utf6ras speciella utredningar inom andra delar ay landet enl 
instruktioner som framdeles fir varje sairskilt fall meddelas. 
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forandringarna med sarskild hinsyn till den gotiglaciala avsmaltnings- 
zonen i Halland. Zusammenfassung: Die marine schalentragende 
Fauna und die spatglazialen Niveauveranderungen. Mit besonderer 
Beriicksichtigung der gotiglazialen Abschmelzzone in Halland. 1936 2,50 


Arsbok 30 (1936). P 

N:o 394 Wrsrerairp, A. H., Paradoxides elandicus Beds of Oland, with the 
Account of a Diamond Boring through the Cambrian at Mossberga. 
With 12 Plates. 1936. . 

>» 395 Askiunp, B., Zur Kenntnis ‘der "jamtlindischen Ogygiocarisschiefer- 
fauna. Mit oy Myatain,: 1966 v4 eco s.r ee ee ee -¥ 

>» $96 Brorzun, F., Foraminiferen aus dem schwedischen, untoreten Senon 
von Eriksdal in Schonen. 19386 . ; 4 

» 397 Lunpevisr, G., Sjéarnas transparens, farg och areal, Zusammenfassung: 
Transparenz, Farbe und Areal der Binnengewdsser. 1936 . . . 

> 3898 THorstunn, P., Siljansomridets brinnkalkstenar och kalkindustri. Med 
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» 401 Macnusson, N. H., Berggrunden inom Kantorps malmtrakt. Med en 
tavla. Summary: The veined Gneisses of the Kantorp Ore district. 
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>» 402 Askuunp, B., Fréséns submoriina aviagringar. Prel. meddelande. " Resumadd 
Die aubmorinen Ablagerungen der Insel Frésén in Jamtland. 1936 0, 

» 403 Exsrrém, G., Upper Didymograptus shale in Scania. With 11 oo 
LOD Ame aus 

>» 404 Gavettn, SVEN, Antiraten ‘und Patapencce der Antimomsinarale| in zwei 
Sulfidvorkommen im Skelleftefelde, Nordschweden. 1936 
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mente aus dem mittleren Norrland. Die Fluss-systeme des Indals- 
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den. Part 1. Declination. With 4 plate. 1986 ........ «10 


Distribueras genom Generalstabens Litografiska Anstalt, Stockholm 


a 


Dr N AIM A § AHLBOM GEOLOGIENS GRUNDER 


av professor Wilhelm Ramsay, 


eciallaboratori 3:e upplagan, omarbetad av P. Eskola, 

p um Bror Asklund, @. Troedsson, M. Sau- 

for ramo m. fl. 2 delar. Med 529 illustra- 

tioner. 1931. 890 sid. ‘va priktiga 

‘al-, Bergarts- och Vatten- volymer i stort oktavformat. Till salu i 

analyser. varje bokhandel. Hiaftad kr, 24: —, i tvA 

me chee klotband kr. 30: —, i tv& halvfranska 

aktivitetsmatningar m. m. bandiecreoGre 

Telefon 1033 72 Vetenskapliga och Litteriira Verk A.-B. 
ergsgatan 13 Stockholm Stockholm 


KS 


rmed riktas en allvarlig uppmaning till forfattarna i Geol. For- 
ens Férhandlingar att avlimna tydliga, slutgiltiga och val 
isedda samt helst maskinskrivna manuskript. 

skilt bér uppmarksamheten dgnas at stringt genomford konse- 
s betriffande skrivningen av namn, latiniserade ordformer 
ekniska uttryck, samt at stilformernas riktiga betecknande 
v, sparrad, KAPITALER). Kursivstil anvandes blott for latinska 
(ej for att understryka vikten av visst textinnehall). Sparrad 
ivandes for att framhadva vissa ord eller meningar i texten. 
dler anvindas for alla personnamn. I manuskriptet utmarkes: 
Trning med ~~~-~..~ 

[TALER > 

7) > ——_— 

isekvens i férkortningar dr i hég grad énskvird. JF éljande de- 
kunna uppmirksammas: 

dm m (antikva utan punkt). 

doktor), prof. (professor), hr (herr). 

1 angives blott fdrsta gangen férfattare citeras, men upprepas 
digtvis. 

Bee tarlasning aligger forf. Red. 


Diamond Core Drilling 


Cement Grouting 


Contractors 
and 
Manufacturers of machinery 


Svenska Diamantbergborrnings 
Aktiebolaget 


Kungsgatan 44 
Stockholm C. 


GEOLOGICAL 


and 


GEOPHYSICAL PROSPECTING 
FOR ORE AND OIL 


by means of 


Electrical, Magnetic, Gravimetric, 


Seismic Methods 


AKTIEBOLAGET ELEKTRISK MALMLETNING 


(The Electrical Prospecting Company) 
Kungsgatan 44, Stockholm, Sweden. 
Write for Publications. 


med 4 hiaften arligen. Prenumeration mottages genom Nordisk } 
handeln, Stockholm. Genom samma bokhandel kan fven i ma 
tillgang erhallas: 


Generalregister till | Generalregister til " 
Bd 1-81 & 20. ke. Bd 1-5 a8 kr. Bd 22—81 a6 kr, 
>. pee eee > 6-10>4 » > 82-41 > 6 >» 
Bo aed cake > 11-81 > 6 >» > 42-50 > 6 >» 


Lisa hiaften av alla banden till pris beroende p4 haftenas omfang. 

Medlemmar av Foreningen erh4lla genom skattmistaren de aldre banden av FO 
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hiften limnas ej prisnedsittning. (Styrelsens beslut d. */10 1922.) 


Geologiska Foreningens sekreterare, Docenten G. Troedsson, traffas i Fi 1 
angelagenheter 4 Riksmuseets Paleozoologiska Avdelning, mand. och lérd. kl. 3 
Tel. 336340, samt i bostaden Bragev. 29, Djursholm, Tel. Djursholm 10 10. Efter Gv 
kommelse per telefon kan sekreteraren aven traffas 4 Stockholms Hégskolas € t 


Institut. 


Féreningens ordinarie méten aga rum férsta helgfria torsdag i m&nade 
ari, mars, april, maj, oktober, november och december. Dagen for januarimOtet bestam 
decembersammankomsten. Anslag om féredragningslistan finnas minst 3 dagar fore 
mantradet uppsatta p& anslagstavlorna 4 féljande offentliga institutioner: Stockholms og 
Tekniska Hégskolan, Bergshégskolan, Jernkontoret, Sv. Geol. Undersékning, Statens Meteo ol 
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Personlig kallelse till sammantridena utfirdas pi darom gjord framsti 

sekreteraren. 
: Haftena utdelas sammantradesdagarna i januari, mars, maj oc 
vember. 


Uppsatser, avsedda att inféras i Férhandlingarna, insindas till Féreningens sekre 
Riksmuseum, Stockholm 50. Atféljande tavlor och figurer béra vara fullt fardij 
reproduktion, d& de jamte uppsatsen sindas. 

I Férhandlingarna m& uppsatser — forntom p& skandinaviskt sprik — inféras” 
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